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compo6iflon and method for the detection of diseases associated 
with amytoid-liice fibril or protein aggregate formation 

The present inventton relates to navel compositions useliil for ehiddating the 
onset or progress of diseases of preferably neuronal origin associated wfth the 
formation of amyloid-like fibrils or protein aggregates. Further, the present invention 
relates to methods for monitortng said formation as well as to methods for identifying 
inhlbHors of said formation. Additionally, the invention relates to InhitiHDrs tdentMied 
by the method of the invention as weU as to phannaceuttcal compositions comprising 
said Inhibitors. 

A variety of diseases, both in humans and animals, is charactertzed by the 
pathogenic fomnation of amylold-lilce fibrils or protein aggregates in neuronal tissues. 
A well-known and typical example of such diseases is Alzheimer's disease (AD). AD 
Is charaderized by the fonnation of neun>fibriilar tangles and ^m^cM Hbt»s In the 
brain of AD patients. Similariy. scrapie is associated with the occurrence of scrapie- 
associated fibrils in brain tissue. 

Another class of these diseases Is characterized by an expansion of CAG 
repeats in certain genes. The affected proteins display a conesponding 
polyglutamine expansion. Said diseases are further characterized by a late onset in 
lifs and a dominant pathway of Inheritance. 

A typical representative of this dass of diseases is Huntington's disease. 
Huntington's disease (HD) is an autosomal dominant progresshre neunxlegenerative 
disonier characterized by personality changes* motor impainnent and subcortical 
dementia (Harper, 1991). It is assodatad wHh a aelecHve neuronal ceH death 
occurring primarily in the cortex and striatum (Vonsattei et al., 1985). The disorder is 
caused by a CAG/pdyglutamlne (polygin) repeat expansion In the first exon of a 
gene encoding a large -350 kDa protein of unknown function and designated 
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huntlngtin (HDCRG, 1993). The CAG repeat is highly polymoiphic and varies from 
M9 repeats on chromosomes of unaffected individuals and 35-160 repeals on HD 
chromosomes (Rublnsztein et al.. 1996: Sathaslvam et al.. 1997). The majority of 
adult onset cases have expansions ranging from 40-55 units, whereas expansions of 
70 and above Invariably cause the juvenile fbmi of the disease. The nomial and 
mutant fbmis of huntingtin have been shown to be expressed at similar levels In the 
central nervous system and 4n peripheral tissues (Trottier et al.. 1995a). Within the 
brain, huntingtin was found predominantly in neurons and was present In caH bodies, 
dentrites and also in the nerve terminais. Immunohlstochemtetiy. eledron 
microscopy and subcellular fractionaljons have shown that huntingtin is primarily a 
cytosollc protein associated with vesicles andtor microtubules, suggesting that It 
plays a functional role in cytoskeletal anchoring or transport of vesidea (DIFIglla et 
al.. 1995; Gutekunst et al.. 1995; Sharp et al.. 1995) Huntmgtln has also been 
detected in the nucleus (de RooiJ et al.. 1998; Hoogeveen et al.. 1993) suggesting 
that transcriptional regulation cannot be mied out as a posslbiB function of this 
proton. 

In addition to HD. CAG/polygIn expansions have been found In at least seven 
other Inherited neurodegeneralive disorders vi^lch include: spinal and bulbar 
muscular atrophy (SBMA). dentatorobral pallldoluyslan atrophy (DRPLA). and the 
spinocerebellar ataxias (SCA) types 1. 2. 3. 6 and 7 (referenced in Bates et al. 
1997). The normal and expanded size ranges are comparable with ihe exception of 
SCA6 In which the expanded alleles are smaller and the mutation is likely to act by a 
different route. However, in all cases the CAG repeat Is k)cated within the coding 
regbn and is translated into a stretch of polygin residues. Although the proteins 
harbouring the polygin sequences are unrdated and mostly of unknown function. It 
is likely that the mutations act through a slmUar mechanism. Without exception, 
these proteins are wWely expressed and generally locallzad In the cytoplasm. 
However, despite overiapping expressfon patterns In biain. the neuronal ceH death la 
relatively specific and can differ marlwdly (Ross, 1995), Indicallng that addWonai 
factors are needed to convey the spedfic patterns of neurodegeneiBtlon. 

Several Investigatore have proposed that HD is ca^iaed by a toxie gain of 
function, whteh In turn is caused by abnormal pioteln-protein InterBclions related to 
the etongaled polygin. R Is possible that the binding of a protein to the polygin region 
could either confer a new proper^ on hundngMn or alter its nonnal interactkxis 
causing seledh/e cell death either through the specific expresskin patterns of the 
InteracUng protein or through the seledive vulnerability of certain cells. To date, four 



wo 99/06545 



PCnEP98/04Blt 



3 

potential huntingtln-interacting proteins have been isolated: HAP1 (U et al., 1995), 
6AP0H (Burke et al.. 1996), HIP2 (Kalchman et aL. 1996) and HIP-I (Kaichman et 
al.. 1997; Wanker et al., 1997). However, it has not t>een demonstrated whether the 
binding of these proteins to huntingtin is involved In the selectiva neuropathology. A 
gain of function mechanism has been supported by the kJentificatton of an antibody 
that speciflcally reacts with the pathogenic polygin expanstons (Trottier et al., 1995b) 
This indicates that upon expansion into the pathogeny range, a polygin sequence 
may undergo a confbnnational change. Poly4.-glutamines fonm pleated sheets of 
strands held together by hydrogen bonds between their anudes (Penilz et al., 1994). 
It was proposed that the expanded glutandne repeats In huntingtin may function as 
polar zippers, joining protein molecuies together (Penitz, 1996). in the long nin. this . 
ooukl result bi the precipitation of huntingtin protein in specific neurons causing the 
observed selective neuronal toss. Thus, the mechanism underlying HD woukl be 
similar to scrapie, Creutzfeldt-Jal(ob or Alzheimer's disease, in whteh ^heet 
secondary structures lead to tlie fbnnation of toxic protein aggregates bi selective 
neurons (Caughey and Chesebro, 1997). 

Recently, strains of mice (R6) that are transgenk: for the HO mutatfcm have 
been generated (Mangiarini et al.. 1996). In these mice exon 1 of the human HO 
gene carrying CAG repeat expanskms of 11 5-1 56 units is expressed under the 
control of the human HD promoter. It has been demonstrated that the transgenic 
animals exhibit a progressive neurotoglcal phenotype that exhibies many of the motor 
and non motor fiaatures of HO. The phenotype includes a resting tremor; irregular 
gait; repki, abrupt shuddering movements; stereotypic grooming movements and 
epHeptfe sei2Aires. Coincident with the onset of the movement disorder the mbe 
show a progressive weight toss. Neuropathological anal^s has shown a reduction 
In brain weight (which precedes that In body weight) and the pnasenoe of neurond 
intranuclear inclusions (Nils) predating any evidence of neuronal dysfunction (Davies 
et al., 1997). The Nile are immunonaactive (br N-tenninal huntingtin entibodiee that 
detect the transgene protein and for uUquttin but do not contain the endogenous 
mouse huntingtin. At the ultmstructurai level, a solitary intranuciear induston 
appears as a roughly circular pale structure of e fine granular nature with oocastonal 
filamentous stnidures and devoid of a membrane. In addition, the neurons invariably 
have indentations of the nuclear membrane and an apparent increase in the density 
and clustering of nudear pores. All three of these ultrastructural nudear changes 
have prevtously been reported In EM studies from HD patients (Rolzfri et si., 1979; 
Roos and Bots. 1983; Tellez-Nagel et al.. 1974). 
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Thus, a large body of data has accumulated that describes aspects of the 
pathology of the above-discussed diseases. However, the actual machanhma 
leading to the onset of the various disease states are stiU unknown. Although a 
variety of hypotheses have been fbmiulated In the art, It is equally unknown how the 
amyloid or aggregate fonnation Is triggered or caused within affected cells or tissues. 
Without a detailed knowledge of the fomiatlon of sakl aggregates, the development 
of a suitable pharmaceutical composition for treating such diseases appears rather 
dlfHculL The technfcal problem underlying the present invention was tharefere to 
piDvkJe means and methods suitable for the eventual elucidation of the etkrtogy of 
these diseases and the development of appropriate medicines. 

The above technical problem is solved by the embodiment chaiadeiized bi the 
daims; 

Accordingly, the present invention relates to a oomposition comprising 

(a) a nudeic acid molecule encoding a fuskin protein comprising 

(aa) a (poly)peplidB that enhances solubility and/or prevents aggregation of said 
fiislon protein: and 

(ab) an amyloWogenic (poly)peplide that has the ability to sel^assemble into 
amylokl-nka fibrfls or protein aggregates; 

(b) a vector containing the nudek: acU molecule of (a); 

(c) a host transformed with the vector of (b): 

(d) a fusion protein encoded by the nudeic add of (a) or a fundtonal derivative 
thereof; and/or 

(e) an antibody spedlic for the fusion protein of (d). 

As used herein, the tenti "(poly)peptlde" relates to a polypeptide or a pepfide 
depending on the length of the amino add string. SaM {poly)peptlde iias the ability to 
enhance solubility of a fusion partner in said fuskNi protein and thus of the fusion 
protein Itself. Additionally, or alternatively, said (pcly)pe|itide pravanis the 
aggregatton of the fuaton partner and thus of the fiiston protein. SaW (poly)peptide la 
combined within saM fusion protein wHh an amyloldogenic (poly)peptida having Ihe 
above redted featucas. The connection of both (poly)peptWes may be via a linker or 
by a direct attachment it is prefwred that either Ihe linker or either (pdy)peptkle 
comprises a deavabto site. Sakl deavable site shouM render both (poly)pepiide8 
essentialiy intact Alternatively, saM fiiskxi protein may comprise a number of 
deavage alias. Upon deavage. whteh may be exhaustive or under limiting 
conditions, the amyioidogenlc (poiy)peptide shouW. when used for the purposes of 
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the present invention, retain the ability to self-assemWe. The pereon skilled In the art 
is in the position to determine appropriate conditions for a conespondlng limited 
cleavage. The composition of the Invention may comprise one. several, or aH of the 
compounds recHed in features (a) to (e). above. 

The term "funcUonel derivative' refers to a fusion protein which comprises, fbr 
example, modified amino adds or arrtno add substitutions and retains the fendkms 
of the fusion protein detailed herein above. 

The term 'antibody specific for the fusion protein' comprised in the composition 
of the Invention is intended to mean that said antibody is only specific for ttw ftMfo" . 
protein but not for either of the above dted components of said fusion protein. 

In accordance with the present invention, it could surprisingly be shown that the 
oomposWon comprising the above recited components can be used for the 
elucidation of amyloid-like fibrfl or protein aggregate fomwtion. The components of 
the composition can be used in varying combinalions to test, for example, fbr specific 
conditions under which amyloids are formed in vitro. The In vHm date obtained wHh 
the composition of the invention may then be compared to or brought into irelailion 
with the in vivo situation and appropriate condusions may be drawn therefifom. 

The in vHm systems (hat can be esteblished with the oonipositlon of the 
invention allow fbrmallon of highly stabte amylold^ike protein aggregates. Such 
aggregates may be obtained, for example, by proteolytic deavage of GST fusion 
proteins oonvrising exon 1 of the HD gene and containing expanded pdygln 
sequences. AltemativBly, such aggregates may be obtained by lowering the pH 
value from 8 to 5 or by increasing the protein concentration. The wrays of flbrfllar 
sbuclures of varying sizes and shapes obsen^ed by electron microscopy surprisingly 
dearty resemble those of purified amyloids. FurthemiorB. the polarization 
micrDSCopIc properties of the fibrils stained with Congo red are stnUngty sImBar to 
those described for amyloids. The green^old bfcefringence of the amytoicWIIcB fibrils 
indicates that the polymers have common structural features. Although the Congo 
red staining does not determine conduslvely whether the fibrils consist of ^pleated 
sheete. the method suggests that this Is lllcely In view of experience gained with other 
protein polymere (Caputo et al., 1992). Hovi«ver. It has been generally accepted ttiat 
naturelly oocuning mammalian protein polymers that exhibit fibrillar structores and 
green birefringence after Congo red staining should be dassMed as amyloids 
(Glenner, 1980). Instead of the HD gene, other nudeic add sequences encoding 
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amyloidogenic (poly)peptides may be used to generate said fiiston protains. 
Preferably, the composition of the invention is a diagnostic composition. TTie 
composition of t»ie Invention may also be a kit The diagnostic con^sition can 
advantageously be employed In the assessment of a disease state virtieieas the idt 
may rather be employed in the deveiopn^ent of, for eKample, inhibitors or in the 
elucidation of amyloid fonnation. 

It is a preferred embodiment of the composition of the invention, that said 
amyloidogenic (poly)peptide comprises a polyglutamine expansion. In Itie prior art it 
has been shown by X-ray diffraction studies that synthetic peptides containing 
polyglns form Sheets strongly held together by hydiogen bonds (Penitz et aL. 
1994). Because synthetic poly(L-glutamine) is Insoluble in water, a synthetic peptide 
with the sequence Asp2H6lni54.ys2 was used In that study. A stretch of 10 
glutamines was also inserted into the loop of chymotrypsin inhibitor-2' (Ci2). and it 
vres demonstrated by analytical ultracentrifugation that the recombinant protein. In 
addition to monomere fbimed dimere and trimers, whereas wBd-^ CI2 was present 
only in the monomeric fbnn (Stott et al.. 1995). It has been proposed that the poiygln 
stretch functions as a polar zipper, joining proteins together, iiowever, the 
hypothesis that glutamlne repeats in proteins fonn p-pioated sheets and Induce 
protein aggregation by a mechanism similar to that ot>served In spongKbrm 
encephalopathy (TSE) diseases (Caughey and Chesebro, 1997) could not be proven 
with this recombinant protein. Most likely, the length of the poiygln sequence Inserted 
bitD Ct2 was too short Accordingly, the experimentel date actually obtelned teach 
away finom the above radtad hypothesis. 

In a particuiariy prefened embodiment said polyglutamine expansion comprises 
at least 35 glutemines. In a further partlculariy preferred embodiment said 
polyglutemlne expansion comprises at least 51 glutamines. 

Our studies with the GST-HD fusion proteins containing poiygln sequences of 
varying lengths demonstrate that a certain length of the poiygln stretch is necessary 
fbr the fbmialion of amyloid-liitti fibrils In vffro. When the purified fusion proteins were 
analyzed by SDS-PAGE. insoluble high molecular weight protein aggregates were 
only detected with the proteins conteining 81 and 122 glutemines (Fig. la and b), 
whereas the protein with 51 glutemines was soluble and no fibrillar stnicturas were 
detected by electron microscopy (Fig. 4a). This indicates that the critical length of 
the poiygln stretch in the fusion proteins leading to the fbrrnation of aggregates is 
greater than 51 glutemines. Accordingly, fusion proteins of the Invention with a 
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pdyghitaminB expansion of more than 51 gluteminea, such as 81 or 122 glutamines. 
may be employed in studies for the formation of aggregates that render a deavage 
reaction unnecessary. How«ver. when the GST-tag. which Is known to enhance the 
sdubUity of many proteins (Smith and Johnson, 198B), was deaved by limited 
digestion with trypsin, the liberated HD exon 1 protein with 51 glutamines also 
started to fonn aggregates (Fig. 3a) and the amount of these aggregates Increased 
when the GST-tag was totally degraded with trypsin (Fig. 3b). This indicatBS that in 
the HD exon 1 protein 51 glutamines are sufficient to.fbmi aggregates, whereas 20 
and 30 glutamines under the same conditions are not The minimum CtWoal length 
essential for the development of amyioid-lilce strudurss after removal of the GSTHag 
is not known and has to be delemiined. However, prelimbiary experiments In our 
laboratory suggest that the threshokf for the IbnraikNi of HD exon 1 protabi 
aggregates is between 3S - 48 glutamines. This result is strildngly simaar to llie 
pathohiglcai threshoW in HD. SBMA, ORPLA. SCA1, SCA2. SCA3 and SCA7. in ail 
of these neurodegenerative pdygin diseases a pathotogkal phenotype was found 
when more than 41 repeats were present, suggesting that'the ekingatfon of the 
polygin repeat beyond a certain length may lead to a phase change in the affected 
protdns. This oouW. for example, be a change from random coils to hydrogen- 
bonded hairpins in the pdygln stretch, see Pemtr (1996). 

With the understanding that the applicant Is not bound by any scientific theory, 
a mechanism is proposed for the fibril fomwtion induced by protedytk: deavage of 
GST-HD51 as shown in Fig. 7. Based on the known crystal structure of GST with a 
C-tenrtnal fuston peptide (Urn et al.. 1994) and the fact that the puiifled GST protein 
is a dimer we suppose that native GST-HD51 exists as a dimer vwith two expanded 
polygin sequences whteh fomi stable hairpins consisting of antiparaltel p-strands 
sbongly heW together by hydrogen bonds between the main chain and the side 
chain amides. In the native protein both hairpins are fighBy bound to the suifaoe of 
GST and not accessible for protelniNotdn interactions wHh other poiygln sequences. 
As a resutt of the deavage wUh a sHo^pecHIc protease, both haliplns become 
aooessible and jy-sheets with hairpins fiom other cleaved protein molecules are 
fbmwd. This transient population of Intennediates consisting of GST rodecules and 
hairpins leads to the fomwllon of polygin- containing Mbeet flbitts and free GST 
molecules. TNs model is supported by the finding of potential intennedlata stmctures 
present on one or both ends of the growing fibrils (Fig. 4c and d). These dots of 
varying stos were not detected when GST-HD51 was digested to completkjn wrfth 
trypsin, which totally degrades the GST4ag, whilst they were detectable upon limited 
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digestion, leaving the GST moiaty laigely intact (Fig. 4d). "niis Indicates that these 
stnictures are transient intennediates. 

A model of the formation of amyloid-like fibrils via transient Intennediates Is not 
without precedent Booth et al. (1997) have shown that amyloidogenic lysosome 
variants aggregate on heating, unlike the wild4ype protein, and that the lysozyme 
fibrils are fanned from potential precursor proteins. It is possible that the transient 
GST-HD Intennediates functton as nuclei for ordered protein aggregation, very 
simHariy to protein ctystalllzatton and microtubule formation, which are nudeation- 
dependent polymerisations (Jarrett and Lansbuny. 1993). Onoe a nucleus is fbnned. 
the further addition of monomers becomes thennodynamkally fevorabie and results 
in rapkl polymerizatton. An important feature of a nudeatloiwIependBiit process is a 
lag time before the aggiBgatas are detectable. During this peilod. dimers and trimere 
are formed. Fig. 3a shows that during proteolytic deavage of GST+IDS1 dimers of 
the released HD portton are fbnned. the ooncentmlion of which then decreases upon 
prolonged IncubatkMi concomitant wHh an Increase in the tomnallGn of large protein 
aggregates (Rg. 3b). Although additional kinetic studies win be necessary to prove 
this assumptton. preliminary results in our laboratory suggest that a "one- 
dimensKNiar crystallteatfan leads to the fomwtton of in vHm amytohWike hunttngtm 
aggregates. 

Acooidlngly, the present invention provWes both the posslbBHIas to analyze 
aggregatkMi of amytoW-like aggregates using defined deavage conditkMis or using 
Alston proteins comprising long pdyglutamine stretches that render the deavage 
unnecessary. Whereas the deavage of the fuskxi protein enables to set a distkia 
starting point of the reaction and therefore of the aggregate fofmatkm. the seoond 
alternative has the advantage that the use of a deaving agent is rendered obsolete. 

in a fi4rther particularty preferred embodiment of the Inventtan saU (poly)peplkle 
defined In (ab) Is huntlngtin, androgen receptor, ahopln. TATA binding protein, or 
ataxln*1 ,-2.-3. -6 or -7 or a fragment or derivative thereof. 

The fibrillar structures formed by proteolytte deavage of purified GST-HD51 In 
vttD and also in the brains of mica transgertc fbr the HD mutatkm are very similar to 
structures detected in brain sectkwis or purHied protein fracttons of Alzheimer's 
disease (AD), Creutzfektt-Jakob disease (CJD). Parkinson's Disease, Gerstmann- 
Sbftssler-Scheinker syndrome (GSS), fatal familial Isomnla (FFI), kuiu. bovine 
spongHbnn encephalopathy (BSE) and scrapie (Caughey and Chesebro, 1997). In all 
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these disorders, the eccumulation of amyloid-like fibrils In ttie central nen/ous system 
is accompanied by loss of nerve cells and a neuropathofogical phenotype. However, 
the molecular basis of these diseases is not known. For the first time, our results 
raise the possibility that HO, DRPLA, SBMA, SCA1, SCA2. SCA3 and SCA7 are also 
the result of a toxk; amylokl flbrilk)genesis. Aittiough the detection of amyk)kHike 
fibrils has not previously been reported in these inherited diseases, our iBSUtts 
strongly suggest that poiygln-oontaining polymers are also formed h yh^ by their 
detection in a transgenic model of polyglutamine disease. The high molecular weight 
aggregates were exclusively detected In the nudear fraction preparsd from 
transgene brain material, which is in good agreement with the results of Davies et ei. 
(1997), who demonstrated the presence of the transgene protein and ubk]uitin in 
neuronal Intrenuoiear industons, from a time prior to the development of a 
neurobgical phenotype. Strikingly, ultrastucturat analysis ' has shown slmlar 
Intranuclear induskHis to be present in the cortical and striatal bk^psy material from 
HO patients (Roizin et al.. 1979) some of whk:h showed dear evklence of 
intranudear fibrils of up to 1 pm in length. PreliminBry experiments with nuclear 
protein fractk>ns prepared from HD brain material indicated that insoluble huntingtin 
aggregates are indeed present In these firacttons. However, additkmal control 
experiments have to t>e perfonned to substantiate these nssults. 

One possible explanation for the absence of detectton of high mdecular weight 
huntingtin protein aggregates in HD trains oouki be that the aggregates oonslsl 
mainly of polygln-oontaining peptUes which have been deaved from the lull length 
protein. In such a case, only an antibody raised against an N-terminal huntingtin 
fragment, containing the polygin sequence. wouM be able to detect the aggrsgatas 
in the nucleus. Iii most of the prevkxis lmnuinohistochemk:al studies, antibodies 
raised against the central or Otenninai portbn of huntingtin have been used, whteh 
deted the full length protein (350 KDa) In the <^sol and in the membmne containing 
fifacttons (DIFiglia et al., 1995; Sharp et al., 1995; Trottier et al.. 1995a). However, 
antibodies raised against peptides and fusion proteins from ttie M- and C4enninus of 
huntingtin also detected the protein In the nudeus (de Roo9 et al., 1996; Hoogeveen 
et al, 1993)r indicating that huntingtin is also present in this subcellular 
compartment There are several lines of evidence to implicate a shorter polygin* 
containing peptide/proteih fragment of huntingtin in the pathology of HD. Ikeda et aL 
(1996) showed that a short fragment of the MJD1 pmtein containing 79 poiyglns 
(Q79C) but not the full length protein with the elongated repeat induced apoptotic cell 
death In COS cells. The pdyglnKX3ntaining protein fragment mignated In SDS-gela at 
e position much higher than expected from its molecular weight, even after boliing in 
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the presence of 2% SDS. These results are in good agreement with our data 
obtained using the GST-HD fusion proteins containing elongated potygin sequences. 
Hg. la and b show that the expression of GST4<D83 and GST-HD122 In E. coB was 
drBmatically reduced compared to the fusion proteins containing 20-51 repeats, and 
additional studies have indicated that the elongated glutamines are toxic for £ coli 
ceils. 

The possibility that polygln-contalning deavage products of huntingtin cause 
neumdegeneration in HO is substantiated by the finding of Goldberg et al. (1906) 
who showed that an N4emiinal 80 kDa huntingtin fragment is deaved from the fufl 
length protein by apopain, a proapoptotic cysteine protease. This indicates that the 
^Merminus of huntingtin is primarily accessible for proteases and distinct protaolyttc 
deavage pnxlucts can be fbmned in vftm and in v/vo. In addition, there is strong 
evidence that the mutated huntingtin somehow induces apoptoUc cell death in HD, 
but the underlying molecular mechanism is not Icnown (Duyao et al.. 1895; Portara- 
CaOliau et al.. 1995). Our data suggest that a proteolytic deavage product of 
huntingtin, which is transported into the nudeus t>y an unloiown medianism, causes 
seiedh^e neuronal cell death by the formation of Insoluble arnyiotd-lHca fibiils. It Is 
possible that the transport to the nudeus is facilitated by a specific nudear transport 
mechanism which is unique to certain neuronal cells and involves abnomial protein- 
protein Interactions related to ttie elongated polygln. Alternatively, there may be 
specific nudear proteins in the affected neurons which enhance the huntingtin 
protein aggregation. 

Recentiy, the formation of neuronal Intranuclear indusions in mice transgenic 
for the SCA1 mutation have been detected, indicating that polygln-containing 
polymers aro also fonned In 8pinoceret>ellar ataxia type 1. Furthermore, the 
accumulation of polyglutamine-containing protein aggregates in neuronal 
intranudear indusbns (Nils) has been demonstrated for several progressive 
neurodegenerative diseases such as Huntington's disease (HD) (M. Dll=iglla et al., 
1997; M« W. Becher et al.. 1997), dentatorubral pallidoluyalan atrophy ^RPLA) (M. 
W. Becher et al., 1997; S. Igarashi et al, 1998) and the spinocerebellar ataxia (SCA) 
types 1 (P. J. Skinner et al.. 1997; A. MatMa et al., 1997), 3 (H. L Paulson et al. 
1997) and 7 (M. Holmberg et at., 1998). 

The components of the composition of the invention may be packaged In 
containers such as vials. opttonaOy in buffers and/or soluttons. If appropriate, one or 
more of saki components may be packaged in one and the same container. 
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In an additional prefdoed embodiment of the composition of the present 
invention, said amyloidogenlc (poly)peptide self-assembles subsequent to release 
from said fusion protein. 

As has been pointed out herein before, the self-assembly of said (poiy)peptkle8 
only subsequent to the release from the fusion protein provides the advantage that 
an exact time point of the start of the foirnation can be set This has a nurabor of 
advantages. For example, inhibitom of aggregate fbmiation can be tested as regards 
their efficacy as a (unction of time. In addition, obtainment of data Is facilitated in 
vievy of the fact that for amyloid fomnatfon a prembc may be set up to ^which only the 
cleaving agent must toe added. 

In a further preferred embodiment of the composition of the invention, sidd 
amyioidogenic (poiy)peptide is the amyloid precursor protein (APP), fHxxTtein, an 
immunoglobulin light chain, senim amyloid A, transthyretin, cystatin C, p2- 
microglobulin, apolipoprotein A-1. geisdine, islet amyloid polypeptide (lAPP), 
calcitonin, a prion, atrial natriuretic factor (ANF), lysozyme, insulinr fibrinogen, tau 
proteins or a-synudein or a fragment or derivative thereof. 

Deposits of p-amyMd In neurftic plaques and blood vessel walls are the 
prindpat pathological feature in the brains of patients with Alzheimer's disease. 
These amyloid deposits contain the 39^ amino add Amyloid peptide which is 
derived by proteolytic deayage from the larger precursor, the anriyioid precursor 
protein (APP). There is strong evidence that the fomnatlon and allegation of 
amyloids into fibrils is the primary pathogenic event leading to amyltiid deposition in 
Abdieimer's disease. 

An additionai preferred embodiment relates to a oonv>osition wherein said 
(poly)peptide defined in (aa) is ^utalhione S-transferase (GST), intein, thtorsdoxin, 
dihydrofolate reductase (DHFR) or chymotrypsin inhbtlor 2 (CI2) or a functional 
fragment or derfvative thereof. 

All of these (pdy)peptide8 may toe advantageously used to enhance the 
solubilify and/or prevent aggregation of the fusion proteins of the invention. 
Particularly preferred is to employ intein in said composition because Vhe protein has 
been modified such that it undergoes a setf-deavage reaction at Its N4erminus at 
tow temperatures in the presence ot thiois such as OTT (MPACT^ I System/New 
England Biolabs). Also comprised by this emtxKliment are functional fragments of 
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any of these above recHed proteins. The term "hincBonal fragment- as used tieiein is 
intended to denote the capabBlty of said fragment to confer solubaily or prevent 
aggregation. 

Further prefened Is that the nucleic add contained in the composition of the 
invention is Dl^ Particulariy prefened is that said DNA Is cDNA. synthetic DNA or 
(semi)synlheticDNA. 

Also prefened is that the vector that may be contained In the composition of the 
Invention is an expression vector or a gene targeting vector. These vedors may 
advantageously be used for transfecUng hosts that may or may not be contained in 
the composition of the invention. 

Such vectors may comprise further genes such as mailcer genes which allaw 
fbr the selection of said vector In a suitable host oeH and under suitable conditions. 
Preferably, the nucleic add molecule of the invenlion is opeiHBwely llnlwd to 
expression control sequences allowing expression in piolcaiyotic or eukaryoflc cells. 
Expression of said nucleic add mdecule oompitses transcriplion of ttie nudeic add 
molecule Into a translatable mRNA. Regulatory elemenis ensuring expression In 
euicaryotic cells. pieferaWy mammalian cells, are well known to those skilled In the 
art They usually comprise regulatory sequences ensuring initiation of transcription 
and optionally poly^ signals ensuring tennlnation of transcription and stablltzatton of 
the transcript Additional regulatory elements may include transeiiptional as weH as 
tianslatkxtat enhancers, and/6r naturally-associated or heterologous promoter 
regtons. Possible regulatory elements pennitting expresston In prokaiyotks host cells 
comprise. e.g.. the PL. lac. trp or tac promoter in E. cdi, and examples fbr regulatory 
elements perniltling expresston In eukaryotic host cells are the AOX1 or GAL1 
promoter In yeast or the CMV-. SV40- . RSV-promoter (Rous sarooma vims). CMV- 
enhancer, SV40-enhanoer or a gtobin Intron In mammalian and other animal oeUs. 
BesMe elements which are responsible fbr the iniliatkm of transcription such 
regulatory elements may also cqmpriso transcription teimlnatkxi signals, such as the 
SV4(}-poly-A sRa or the tk-poiy-A site, downstream of the mid^ add molecule. 
Furthennore. depending on the expression system used leader sequences capable 
of directing the polypeptide to a cellular compartment or secreting It into the medium 
may be added to the coding sequence of the nudete add molecule of the invenlton 
and am well known In the art The leader sequenoe(s) is (are) assembled in 
appropriate phase with translatian. initiation and temilnallon sequences, and 
preftably. a leader sequence capable of directing secretion of translated protein, or 
a portion thereof, into the periplasmto apace or extraceMular medium. Optionally, the 
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heterologous sequence can encode a fusion protein induding an C- or N4ennfaial 
identlflcatton peptide Imparting desired characteristics, e.g., stabilization or stnnplSied 
purification of expressed recombinant product In this context, suitable expression 
vectors are known in the art such as Okayama-Berg cDNA expresston vector pcDVI 
(Phamiacia), pCDM8, pRc/CMV. pcDNAI. pcDNA3 (In-vtbogene), or pSPORTI 
<GIBGO BRL). Preferably, the expression control sequences will be eukaryoUc 
promoter systems in vectors capable of transfomning or tranafeding eulcaiyotk: host 
cells, but control sequences for prokaryolic hosts may also be used. 

Gene therapy, whk4i is based on introducing therapeutic genes into cells by ax- 
vivo or in-vivo technk|ues is one of the most important applications of gene transfer. 
Suitable vedDrs and methods for in-vttro or In-vlvo gene therapy are described in the 
literatuie and are known to the person skilled in the art; see, e.g., Gloidano, Nature 
Medteine 2 (1996). S34«39: Schaper. Circ. Res. 79 (1996), 911-919: Anderson, 
Science 256 (1992), 808-813; tsner, Lancet 346 (1996). 370^74; Muhlhauser, arc. 
Res. 77 (1995). 1077-1086; Wang. I^iature Medicine 2 (1996). 714-716; 
W094/29469; WO 97/00957 or Schaper. Current Opinion in Btotechttotogy 7 (1996), 
635-640. and references cited therein. The nudeic acki molecules and vedorB of the 
inventkMi may be designed for direct introductton or for Introductton via liposomes, or 
viral vectors (e.g. adenoviral, retroviral) into the celt. Preferably, said ceil is a getm 
line cell, embryonk; ceU, or egg cell or derhred therefrom. most preferably saU cell is 
a sfem cell. 

Said hosts may then be used for the productton of the feston protein comprised 
inthe oomposittonoflhelnventton. - 

Said host cell may be a prokaryotk; or eukaryotic ceil. The nud^c add moleode 
or vector of the invention wMch is present in the host ceil may either be mtegrated into 
the genome of the host cell or it may be maintained extrachfomosomal^. 

Preferably. saM host is a baderial* preferably an E.coli, an animal-, preferably a 
mammalian, an insed-, a plant-, a (ungat, preferably a yeast- and most preferably a 
Saccharomyces or Aspergillus cell a Pichia pastoris ceB, a transgianlc animal or a 
transgenfe plant 

The present inventton atso relates to a mettiod of producing a fusk>n protein as 
defined in the diagnostx: compositton of any of the preceding daims comprising 
cutturing or raising the host as defined in daim 1 1 and isolating said fuskin protein. 
Preferably the bacterial host E cotf is used for the expressfen of the GST-HD fusion 
proteins. The cONA fragn^ents conteining GAG repeats in the normal or pathotogteal 
range may, for example, be doned into pQEX-5X-1 (Pharmada) and the resulting 
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ptasmids expressing fusion proteins with poiygln^equBnces used for protein 
purification. The resulting proteins may bo purified under native conditions by affinHy 
chromatography on glutathione agarose (Smith and Johnson, 1988). 

Additionally, the present invention relates in a prefened embodiment to a 
composition wherein said antibody is a monoclonal antibody, polyclonal antibody, 
phage display antibody or a fragment or derivative thereof. 

The above recrted fragments or derivatives comprise Fv-. Fab-. F(ab)V 
fragments, single-chain antibodies or singleK*iain antibody domains. These 
antibodies may advantageously be used in experiments such as Western blotting 
experiments to detennine the presence of the protein on. for example. nllrooellulOBe 
membrane. 

Alternatively, the antibody, derivative or fragment thereof may be used In 
immunometric assays such as EUSAs or RIAs or may be coupled to columns In 
Older to retain the fusion protein from, for example, mammalian sources on said 
column for further detection or purification. 

AKemative uses and advantages of the antibody or fragment or derivative 
contained In the composition of the Invention are. on the basis of the teachings of 
ttils invention, dear to the person skilled in the art. 

The invention further relates to an in vitro method of producing amyloid 
aggregates comprising (a) at least partially cleaving the fusion protein comprised In 
the diagnostic composition of the invention wherein the (poly)peptide that la releaaed 
has the abilty to self-assemble Into amylokWIke fibrils or protein aggregates or (b) 
Inducing self-assembly into amylold-lice fibrila or protein aggregates by healing the 
fusion protein comprised In the composition of the present invention or an 
amyloldogenic (poly)peptlde that has the abfflly to self-asseroble Into amylold^ilw 
fibrito or protein aggregates by Inducing a pH change In a aoliitioii comprising said 
fiision proteln/(poly)peptlde or by treating said fusion proteln/(poly)peptido wHh a 
denaturing agent 

The method of the Invention may advantageously be used to study In more 
detaU the process that leads to the fbnnatlon of amylokWike fibrils or protein 
aggregates from amyloldogenic (poly)peptlde8. Using the method of the Invention, 
the onset of, for example. HD or AD can be examined In an &? v«ro situation. It Is 
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important that the polypeptide that is released by the cleaving agent still retains the 
possibility to form amy4oid-llke fibrils or protein aggregates. The fbnmation of such 
fibrils or aggregates may be monitored, for example, by eiectfxm or light microscopy. 
Varying the cleaving conditions in cases where more than one cleavage site is 
present on the fusion protein may be used to lurther elaborate the rrtinimal 
requirements for said amyioid-like fibril or protein aggregate formation. 

Preferably, the cleavage Is efTected chemicaHy or enzynnatically. or by the intein 
self-cleavage reaction in the presence of thiols. 

In the following, enzymatic cleavage wfH also be refened to as proteolytic 
deavage. The enzymatic cleavage has the advantage that the cleavage reaction can 
tie perfomned under almost physiological conditions and normally only low amounts 
of the protease are necessary for the deavage reaction. Furthermore, said cleavage 
is highly specific and the enzyme can be regarded as nontoxia Therefore, one can 
envisage a wide variety if applications witiiln this invention. The disadvantage of the 
enzymatic deavage reaction is that prospective inhibitons might inhit)it in some cases 
the protease and in tum prevent the formation of protein aggregates. In comparison^ 
this is not the case when the deavage reaction is performed chemicaly. 

Further, the present invention relates to a mettiod of testing a prospective 
inhibitor of aggregate fiormation of a fusion protein as defined in the composition of 
the invention when enzymatically or chemically deaved or a non-deaved fusion 
amyioidogenic (poly)peptide as defined hereinbefore or an amyloidogenic non-fuslpn 
(poly)peptide comprjsing 

(a) incubating In the presence of a prospective inhibitor 

(aa) said fUsion protein in the presence or absence of a deaving agent; or 

(ab) said non-fusion poly(peptide): and 

(b) assessing the formation of arnyiold-tike1tt)riis or protein aggregates. 

This metiiod of the present invention provides a particularfy strong impact on 
the phannaceutical researd) related to amyloid-associatdd diseases. For the first 
time, an inhibitor of fibrfl or aggregate formation can convenientty. dirsctiy. easily and 
witiiin a short tinf)e be tested in vitto. As has been detailed herein above, aggregate 
formation may be tested on deavage products, on non-deaved fusion proteins or on 
tiie above recited non-fusion proteins which have the capacity to aggregate when ttie 
temperature is raised, the pH is lowered or the protein is dissolved in urea and ttie 



W09M6545 PCI/EF98mSll 

uraa is slowly diluted out wrth a solvent. Addftionail/, the present invention does not 
exclude self-assembly under different conditions. 

It was shown recently that acid-mediated denaturation of, e.g., transthyrBtin 
yields a confbmiatfonal intemiediate that can self-assemi>le into amyloid (Lai et al., 
1996). Booth et ai. demonstmted that heat denaturation of human lysozyme variants 
resulted In instability, unfolding, and amyloid fibriliogenesis. 

Preferat)ly, the incubation is effected in the presence of factor Xa, trypsin, 
endopreteinase Arg-C, endoproteinase Lys-C, proteinase K, thrombin or elastase at 
a temperature of preferably 25 to 37'C for 0,5 to 16 hours and the assessment of the 
formation of fibrfls or aggregates in step (b) is preferably effected by a fitter assay or 
by a thioflavine T (thJ) fluorescence assay, in which the fluorescence intensity 
reflects the degree of aggregation. 

As regards the filler assay, a more detailed protocol thereof is explained in the 
European patent application entitled 'Novel mettKxl of detecting amyloid^ike fibris or 
pfotein aggregates* filed on the same day with the European Patent Office and 
assigned to the same applicant which is explicltty incorporated herein by reference. 

Additionally, the present invention relates to a method for identifying an inhli}itor 
of aggregate formation of a fusion protein as defined in the invention prior to or after 
proteolytic or chemical cleavage or of a non«fusion amyloidogenic (paly)peptide as 
descrit)ed herein at>ove comprising 

(a) loading a surfeoe or gel with said protein or an aggregate thereof; 

(b) incut)atir)g said surface or gel with a piDspective inhit>ltor; and 

(c) assessing whether the presence of said prospecth^e inhibitor avoids or reduces 
aggregate fbnnation or further aggregate formation. 

In accordance with this embodiment of the invention, proteolytic or chemical 
cleavage can be advantageously effected either prior or after the loading of the 
surfiace or gel leaving the InvestigatDr additional degrees of freedom in devising Ms 
experiments. The method of the invention is both useful for Investigating the onset of 
aggregate or fibril formation or assessing the progression of such a process starting 
from the already existing aggregate or fibrfl. The latter emtxxliment is paificulariy 
uselUf in investigating treatment conditions for patients that are already affiected by 
the disease at an eariy or medium stage thereof. 
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There Is Strang evidence that the formation of amyloids b a nudeahwh 
dependent polymerization similar to pretein cfystallizafion or mioolubute assembly. 
However, the deposition of a monomer onto a preexisting amyloW tempWe te 
independent of the nudeation precess. Thus. It wUI be very '^"^'^J^^''^*? 
deposition of monomere onto a defined template under physiological ""dHion8.V^ 
our^ vi&o system we should be able to monitor the deposition of ladiolabelled 
polygln-containing monomers. 

Preferably, said surface employed In the method of the Invention te a 
membrane. Preferably, the membrane should be cellulose acetate and should have 
e low binding capacity for soluble proteins. 

The Invention also relates to an inhibitor Identifiable or identified by the method 
of the invention. 

The various methods described herein above will give rise to the isolation of a 
mimber of Inhlbltore which are also comprised tv the present invention. Once such 
an inhibitor is known, it is of couree not necessary to identify It again by the method 
of the Invention. Rather, said inhibitor can be preduced by chemical or ^'^^^^'^ 
means. In the case that the inhibitor is of preteinaceous material. H is 
resynthesize a compound having the or most of the charactertsUce of said InWbltor 
by peptidomimetics. 

Preferably, a number of compounds or compound classes are tested fbr Iheir 
efficacy to inhibit amyloid^lke fibril or protein aggregate fomiation. Said compounds 
comprise an antibodj^MModtHi'^eoxydoxonJbldn (IDOX). pyronine Y. guankfino 
hydiDChioride. urea, rttempidn and derivatives thereof, myristyltrimethylammonlum 
bremide. hydroqulnone. (^benzoquinone. 1.4Hlihydmxynaphthalene. ^ 
methoxyphend. «4Doopberel. asoocbic add. p^rotene. 

hexadecy^N-melhyiplperidlnlum. dodecyllrimethyl-ammonlum. N-tetradecyW4.N- 
dlmethyW^Mnmomo-l-piopanesultDnate. a (pdyjpeptide, glutemlne or an 
digoglutamine peptide. These compounds may be used in the inhibition or reverston 
of aggiegala fomialion. for example, by formulation into a phamwceutical 
oomposHlonfbrfhetreatmentofanyoflhediseases cited herein. 

The present invention also relates to a phamiaceutlcal compositton oompitelr^ 
the inhibitor of the Invention and a phannaceutioally acceptebte carrier and/or diluwtL 
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The pharmaceutical composition of the invention will find wide applicability In 
the medical fieltf. Essentially all diseases associated with protein aggregate 
fbnnaHon or amylold-llke fibril formation, in particular If they are associatad with 
neuronal tissue or cells, may be effectively treated with the pharmaceutical 
composition of the Invention. 

Examples of suitable pharmaceutical carriers are weD known in the ert and 
Include phosphate buffered saline solutions, water, emulsions, such as oilAwater 
emulsions, various types of wetting agents, sterile solutions eta Compositions 
comprising such caniers can be formulated by well known conventtonel methods. 
These phamiaoeutical compositions can be administered to the subject at a suitable 
dose. Administration of the suitable compositions may be effedad by different ways, 
e.g., by intravenous, intraperitoneal, subcutaneous. Irtramuscuiar. topical or 
intradermal administratkjn. The dosage regimen will be determined by the attending 
physician and other clinical factors. As Is vwll known in the medical arts, dosages for 
any one paUenl depends upon many fadora. mduding the patient!^ wze. body 
surface area. age. the particular compound to be administered, sex. time and roole 
of adminlstratfan, general health, and other drugs being administered concurrently. A 
typksl dose can be. lor example, in the range of 0.001 to 1000 m (or of nudete add 
fbr expresskN) or fbr InhiWtton of expressfan In this range); however, doses bekiw or 
above this exemplary range are envlstoned. espedaily conskJering the 
afbremenUoned factors. Generally, the regimen es a regular admWstratton of the 
pharmaceutteal composHton shouW be in the range of 1 pg to 10 mg units per day. if 
the regimen is a continuous inlusion. It should also be In the range of 1 pg to 10 mg 
units per kilogram of body weight per minute, respectivdy. Progress can be 
monitored by periodic assessment Dosages wiU vary but a prefened dosage for 
intravenous adminlstratton of DNA Is from approximately 10* to 10« copies of Ihe 
DMA molecule. The oomposHfons of the Invontton may be adminlstefed kxatly or 
syatemteally. Adminlstratton wll generally be parenterally. e.g.. intravenously: DNA 
may also be edminlstefed dlredty to the target site. e.g.. by btollstfc ddlvery to an 
internal or external target site or by catheter to a sita In an artery. 

The therapeutically useful compounds kleatWed aoooiding to ttw method of the 
invention may be adminlslwed to a patient by any appropriate method for Ihe 
partieulBr compound. e.g., orally. Intravenously, parenterally, tranadennally, 
transmuoosally. or by suigeiy or Implantatton (e.fl., with the compound being In the 
Ibnn of a soHd or semisolid WdoglcaBy compatible and resorbable matrix) at or near 
the site where the effect of the compound Is dedred. 
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Finally, the present InvenUon relates to a transgenic ""Pjf* 
comprising a nudeic add molecule or vedor as ^^-^f ATZ^f 
tansgenk: mamn«l or plant v,ouKl advantageously be used for the ft, '^J^^* 
the efficacy of the Inhibitors refe^d to above. With the pharrnaoeutol comp(«fcn 
Of the inv^tlon the formation of protein aggregates in the brain or 
tiansgenic animal can be monHored quanHtalively. Furthem»rB m ^ ^ 
relatl^ to the onset or progress of the above redled diseases may bo earned out 
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TheflguiBBshow: 
Rguie 1 

SDS4>AGE Analysis of Purified GST and GST-HD Fusion Proteins. 

(a) Allquots (15 ml) of eluates from the glutathione agarose column wore 
subjected to 12.5 % SDS-PA6E and analyzed by staining with Coomassie blue R. 
Unes 1^ contain GST. GST-HD20, -HD30. -HD83 and -HD122. respoctivoly: lane 
M contains molecular mass standards, (b) Proteins were transfamad to nitrocellulose 
and probed with antMHDI antibody. Arrows mark the origin of electrophoresis. 

Flgum2 

Structure of 6ST44D fusion proteins. 

The amino add sequence conBsponding to exon 1 of hunttngHn is IwKed. 
Anuws labeled Xa and T indicate cleavage sites for factor Xa and trypsin, . 
respectively. 

Figure 3 

Sne^peelflc ProtedyslB of GST4ID Fusion Proteins with Trypsin and Factor 
Xa. 

Tiyptic digestions were perfbnhed at 370C fbr 3 (a) or 16 h (b). Native proteins 
and their deavage products were subjected to 12.5% SDS^AGE. blotted onto 
nitiocellulose membranes, and probed with antmOl antibody. Amms mark the 
origin of electrophoresis, (c) Purlfled fusion proteins and their factor Xa and tiy^ln 
deavage produda ware analyzed using the filter retanlation assay. The proteins 
retained by the callutose acetate and nitrocellutose membranes were detected by 
Incubation with the anti-HDI antibody. 

Rgur«4 ^ . - ^ 

Electron Micrographs of Native GST41D Fusion Proteins and their Factor Xa 

and Trypsin Cleavage Products. 

Purified GST fiiskm protohw were protease treated, negatively stained with 
uranyi acetate and viewed by eledron mtoosoopy. The undigested GST^51 
mdecules appear as a homogeneous populalton of small, round partfcles (a). 
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Removal of the GST^ag with factor Xa results In the fbnnation of amylokHIke fibrito 
and InteimediatD stnictures (b * c). After partial digestion (3 h) of GST41D51 wtth 
trypsin the riblxms are associated with termir)al dots (d. arrow), whereas prolonged 
digestion (1 6 h) produces ribbons without attached dots (e). Removal of the GST^ag 
from 6ST-HD20 shows no evidence for the fbnnation of defined stiudures (f). 

mrefrin'ganee of Protein Aggregates Foin,«l by Proteolytic Cleavage of OST- 
HD51. 

me protein aggregates vwre stained witti Congo red. (a) Bright field. 20(bc; (b) ; 
Pdarizad light, 20Qx; (c) Polarized light. lOOx. 

Figur*6 

Polygln^ntalnlng Protein Aggregates are Formed In vhro. 

(a) Western blot analysis, after separation by 10% SDS^AGE. of the nudear 
(N) and cytoaolic (C) protein fractions prepared from brain and kidney of an Re« 
hemizygous transgenic mouse and a littemiate control. Blots were piDbed wUh 
HD1 antl^APOH and entires B antibodies as Indicated, (b) Detection of HD ewm 
1 protein aggregates formed in vivo using the cellulose acetate filter assay. The 
membrane was Inununostalned using the anli-HD1 antibody, (c) UHrMbuduie of a 
neuronal Intranudear Indusion (Nil). The presence of a Nil in a striatal neuron of a 
17 month old R6/5 homozygous mouse is shown. The Nil is hidicalBd by the large 
arrow and the fibrillar amyldd^ike sliudures within the Nil are indicated by two small 
enows. The scale bar Is 250 nm. 

Fiflure 7 _^ 
PrepoMNi Mechanlam fbr the Formation of AmyloidJiko Fibrils by ProteoiyHc 

Cleavage of GST-HDS1. 

.GST4<D51 molecules are represented as follows: zigzag Mne. etongated 
polygin repeat forming a stable hairpin with M^eet stnidure; dotted line. hMenninal 
amino adds In the HD exon 1 protein containing the factor Xa doavage site (arrow) 
(undefined stnictuiB): thin line. C^emilnal amino adds in the HD exon 1 protein 
(urKtelined structure): shaded symbol, the dimertc globuWike form of GST. 
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Pftor to cleavage, the HD exon 1 protein is tightly bound to the GST^ 
preventing intermoleoular interactions (1). Reinoval of the GST^ag with factor Xa 
rendeis the polygin repeat accessible allovtrtng the fbnmafion of flbrile as seen by EM 
(3) During cleavage. intern»diale structures form through specific polygin 
inteiadions before complete release of the GST^g has occurred (2). These 
Intermediates appear as dots under EM and are frequently seen at the tennlnala of 
growing fibrils. 

Figures 

Stnidure of GST-HD fusion proteins. The amino adds sequence corresponding to the N- 
tennmal portion of huntingtJn Is boxed and the amino adds corresponding to the 
bloimylatton site are undertlned. Arrows labeled (Xa) and (T) Indicate deavage sites for 
factor Xa and trypsin, respectively. 

Figure 0 

Detedion of pdyglutamlne-containing protein aggregates fomied In vttn and In 
transfected COS-1 ceHs using Ihe dot-*lot filter roteidalion assay. (A) Purified GST- 
HD20OP and -HD51DP fusion protelnB (250 ng) and their fador Xa and trypsin deavage 
products were applied to the filter as indicated. The aggregated proteins retained by Ihe 
cenutose acetate membrane were detected by Incubation with the antt-HDI antibody. (B) 
scanning eledron microgreph of aggregated GST4^051DP trypsin deavage pcoducte 
retelned on the suifaoe of the cellulose acetate membrane (Photo: Helnrid. LQndsdOff. 
GBF Braunsdiwelg. Gem«ny). (C) Dot^itot fitter retardation assay perfomied on the 
insohibie fredton Isolated from transfeded and non^sfeded COS-I ceils. COS-1 ce8s 
v«re trenslentfy transfeded with the plasmids pTL1^G20. -CAG51 and CA^3 
encoding huntingtin exon 1 proteins with 20 (HD20). 51 (HD51) and 93 (HD93 
glutamines. respedively. The pellet Iradtons obtained after centrilugation of wholo oeU 
lysates were subjeded to DNaseWrypsin digestton. boiled In 2% SOS. and portions of 1 . 
3 and 6 Hi were filtered through a cellulose acetate membrane. The aggregated 
huntingtin protein retained on the membrane was deteded wllh the aniWDI antibody. 
NT. non-transfeded cells. 



Figure 10 



Detedion and quantification of aggregates fwmed to v«ro liom bloHnylated GST-HD 
exon 1 fusion protelm?. Various amounts of the fusion proteins GST4fD51DPBto and - 
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HD20DPBIO were filtered through a ceBulose acetate memb«ne after a 34» 
arc in the presence or at,sence of trypsin as b^dlcated. (A) 
protein aggregates, detected streptavldin-AP conjugate -^^^ ^^^^^^ 
Zper panel) or a chemllumlnescent AP substrate (lower ^f^' j^^^'^'^^J^ 
int Jties Obtained for the GST-HD51DPBlo dots seen In ^ -^^^^ 

. ^ »Aii«n/ units denerated by the LumHmager F1 and 
chemiluminesoence values are arbitrary units generaiwj 

LumiAnalystTM software (Boehringer Mannheim). 
Figure 11 

Detection (A) and quantification (B) of aggregates fbrmed In vitro Inm biottq^ GST- 
Ln protelna using the dot4*. and mlao«tre ^^^^^ ^ 
various amounts of the furion pa,teln. G8T4ID610PBIo and ^^^^^J^ 
ttupugh the cellulose acetate memb«nes after a 3^ Incubation at 3rc Inme pn^ 
rJlnce of trypsin as indicated. The detection end cuantlficatlon of the aggregates 
was as described In Fig. 3. 

Flooi«12 

Ort«*ion of neuioflbmiar tangles (NFTs) and p^mylolds Ir, brain •xbads Prepared from 

dlsea«, patients and controls using .he dot.,^^ 
cellulose acetate membrane was probed wim the potydor«l anJ-T^, 
antl-f^amylold. or the polyclonal anti-HD antibody. A1. A2. and ^ 
p.Xl from cerebral cortex of Alzheimer's disease patients; ^1. ^ 
elLts prepared from cerebral cort« of nom»I Individual.. GST^iOSi. fbalon of 
glutathione S^ransferase aiiThundngllnexon 1 containing 51 ghitammes. 

The examples flluslrata the Invention: 

Example 1: • ■ - 

Purtficatipn of GSmD fualon proteins containing expanded polyglns 

Exon 1 of the HO gene was Isolated from genomic phage dones deri^ fmm 
the normal and expanded alleles of an HD patient ^^^^'^^^^''^^'^'^ 
used fbr the exp,e«ilon of GST-HD fUston proteins E. -^^^^^.t 
containing CAG repeats in the nomial (CAG)2£W3 and expanded (CAGteMSO 
^ were doneThto pGEX-5X-1 (Phamiada). and the resulting plasmWs 
ZsZ^str^^ns w^ 20 (GST^D20). 30 (-HDSO). 51 (..D51). 83 (^083, 
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and 122 (-HD122) glutamines. respectively, were used for protein purilicatton. For 
plasmid construcflon lambda phage from stock 91974 (Sattiash/am et al.. 1997) were 
plated to give single plaques which were Innoculatad into 400 ml cultires of E. coff 
XLI-Blue MRP (Stratagene) for ONA preparation, "me DNA aequenoe encoding the 
N-temiinal portion of huntingtln (exon 1), including the CAG repeats, was amplified 
by PGR using the following pair of primers: ES 25 
fT GGGATCCG CATGGCGACCCTGGAAAAGCTGATGAAGG) coneSponding to 
nt315^ of the HD gene (HDCRG. 1993) and containing a BamHI site (undertlned) 
and ES 26 (GG AGTCGACT CACGGTGGGTGCAGCGGCTCCTCAGC) 
corresponding to nt516-588 and containing a Sail site (underlined). Conditions for 
PGR vrere as described (Mangiarini et al. 1996). Due to instablHtty of the CAG repeat 
during propagation in E. coff , DNA preparattons from individual plaques yielded 
different sized PGR products. Fragments of ~ 320. 360. 4B0. and 590 bp were gd- 
purifled. digested with BamHI and Sail and inserted into the BamHI-Sall site of the 
expression vector pGEX-5X-1 {Pharmacia), yielding pCAG30. pCAG51, pCAGBS 
and PGAG122. respectively. pCAG20, conteining 20 repeab of GAG Vrthin the 
cloned HD exon 1 sequence, was simllariy conslnicted firom a phage genomic done 
derived from a nomial allele. All constructs vrere verified by sequencing. Alter 
induction with IPTG, the resulting proteins vwere purified under nathre condWona by 
affinity chromatography on glutathione agarose. Thus, £ coii SCSI (Stratagene) 
canying the pGEX expression plasmid of Interest wras grown to an ODeoOnm *>f 
and Induced with IPTG (1 mM) tor 3.5 h as described in the manufadurei's protocol 
(Pharmacia). Cultures (200 mJ) of induced bacteria were cenhifoged at 4000 g for 20 
min, and Ihe resulting pellete were stored at -«0*C. Cells were thawed on ice and 
resuspended In 5 mi of lysis buffer (50 mM sodium phosphate. 150 mM NaCI. 1 mM 
EOTA, pH 7.4) containing 0.5 mg/ml iysoryme. After 45 mln at O'C, cells were 
sonicated with two 30 sec-bursts. Octyl-p-D-glucopyranoside was then added to a 
final concentration of 0.1% and the resulting lysate was clarified by centrifogatlon at 
30.000 g for 30 mln at 4'C. aearsd lysates were incubated for 1 h at 4"C with 500 pi 
of a 1:1 slurry of gkrtathione^garDse beads (Sigma) that had been washed times 
and resuspended in lysis buffer. The beads were poured into a small column and 
vrashed extensively with lysis buffer containing 0.1% od^/^^-ghicapjftanoMB, The 
bound fusion protein was eluted with 2 ml of 15 mM glutathione (reduced) hi lysis 
buffer. Typical yields were 0.5-1 mg of purified GST-H020. -HD30 and 4<D51 
proteins per 200 ml of bacterial cultore; yields of GST41D83 and -HD122 ware much 
lower, less than 10% of that obtained wllli the shorter fusion protalns. Protein was 
detennlned by the Bio^tod dye binding assay using bovine senim albumin as 
standard. SDS-PAGE of the purified GST-HD2D. -HDSO. -HD51, -HDB3 and -HD122 
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proteins revealed major bands of 42. 45. 50. 65 and 75 kDa. respeclively (Fig. la), 
-mese bands were also detected when the various protein fractions were subjected 
to immunoblot analysis using the affinity purified antMiuntinglln antibody HD1 (Fig. 
1b. lanes 2-6). HD1 specifically detects the GST-HD fusion proteins on Immunoblots. 
v/hereas the GST-tag alone is not recognized (Fig. lb. lane 1). For immunobtalllng a 
bacterial plaamid encoding HDI-His. a Hisg-tagged luslon protein containing 
residues 1-222 of huntingtin. wras generated by Inserting a PCR-ampllfied IT-IS 
cDNA fragment into the pQE-32 vector (QIagen). The fusion protein was expressed 
in £ coff. affinltyiiurlfied under denaturating condlttona on NI-NTA agarose, and 
Injected into rabbits. The resulting immune semm was then affinity-purified against 
the antigen that had been immobBbed on Ni-NTA agarose. The GAPDH- and Fos B- 
speeffic andsere tjave been described (Wanlter et aU 1997; Davlea ^ al., 1997). 

Western blotting was perfonned as detailed (Towbin et al.. 1979). The blots 
were incubated with 1:1000 dilutions of the indicated primary antibody, followed by 
an aikanne^ihosphataBo-conjugated secondary antibody. Color development was 
carried out vwth 5-bromo-4-chlore>^ndolyl phosphate and oltioblue tetrazoHum as 
substrates (Promega). 

All recombinant proteins migrated at a size corresponding hearty, to thai 
predicted from their amino acid sequence. Interestingly, an additional high molecular 
weight band which remains at the top of the gel. was oonslstenHy detected bi the 
protein tiadlona with the longest polyglns (83 and 122 residues; Fig. la and b. lane 
Sand 6). This band was most prominent on the immunoblote but was also deaily 
detoctabto in the Commassle stained gel. This immunorsactlve material was often 
stHI present at the bottom of ihe loading slots, even after the samples had been 
boiled for 5 min In the presence of 2% SDS and 6 M urea prior to loading. 

t 

Examples: 

Proteolytte ctoavage of GST-HD fusion proteins containing expanded polyglns 

4t has been shown previously that the solubility of certain proteins can be 
enhanced by the addition of the GST-tag (Smith and Johnson. 1988) and It was 
therefore of interest to detennlne whether the removal of the GST-teg by proteolytio 
cteavage would have an effect on the solubility of the polygln-contelning fusion 
proteins. Potential factor Xa and trypsin cleavage sites within the GST-HD fiislon 
proteins are shown In Fig. 2. Factor Xa cleaves between the GST^ag and the HD 
exon 1 protein whereas trypsin removes an additional 15 amino adds from Ihe N- 
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terminus and a single proline from the Otemfiinus, both proteases leaving the polygin 
repeat intacL The GST-HD20. -HD30 and 41D51 proteins were digested with trypsin 
under conditions designed to remove the GST4ag from the ftislon protein without it 
Iwing totally degraded. After cleavage, proteins were denatured liy t>oiling in the 
presence of 2% SDS and analyzed t>y SDS-PAGE and immunoblotttfig using the 
anti-HDI antibody. GST-HO20 and -HD30 claayage yielded products migrating in a 
12.5 % gel at approximately 30 and 33 kDa, respectively. In contrast cleavage of 
6ST-HD51 resulted In the formation of two protein products migrating at 
approximately 37 and 60 kOa, and an additional weak immunonaactive tiand on the 
bottom of the loading slots was also detected (Fig. 3a). This high molecular weight 
band was more pronounced when GST4-ID51 was digested with trypsin under 
conditions in which the GST-tag was totally degraded (Fig. 3b). However, with 
proteins GST-HD20 and -HDSO this longer exposure to trypsin produced the same 
cleavage products as the ones seen in Rg. 3a and the high nxrfecular weight 
products were not observed. Similar results were obtained with factor Xa protease 
and endoprotelnases Aig-C and Lys<:. As regards the proteolytic cleavages, the 
following protocols were carried out The GST-HD fusion proteins purified as 
described above were dialysed against 40 mM Tris-HCI (pH 8«0), 150 mM NaQ, 0.1 
mM EDTA and 5% (vA^) glycerol to raise the pH prior to proteolytic cleavage. The 
proteins were then combined with bovine factor Xa (New England BMabs) or 
modified trypsin (Boehringer Mannheim, sequencing grade) In dialysis buflbr 
containing 2 mM CaCl2 at an enzymersubstrate ratio of 1:10 (w/w) or 1:40 (wAat), 
respectively. Incubations with factor Xa were at 25''C for 16 h. Tryptic digestions 
were peribmnad at 37^0 for 3 or 16 h as indicated. Digestions were terminated by the 
addition of PMSF to 1 mM . The degree of proteolysis was detennined by SDS- 
PAGE followed by staining with Coomassie blue or immunobiottting using antl-HDI 
antibody. 

We have developed a simple and sensitive filter assay to detect the formation 
of high molecular weight insoluble protein aggregates. This assay is t>ased on the 
finding that the SDS-lnsoluble protein aggregates obtained by proteolytic cleavage of 
GST-H0S1 are retained on a cellulose acetate filter, whereas the solut>le deavage 
products of GST-HD20 and GST-HD30 are not. Factor Xa or trypsin digestions of 
purified 6ST«MD fusion proteins (10 pg) were perfontned In a 20 pi rsadlon mbcture 
as described above. Reactions were terminated by adjusting the mixture to 2% SOS 
and SO mM OTT. After heating at 100*C for 6 min, aliqouts (0.5 |il) were diluted into 
200 pi of 0.1% SDS and filtered through a cellulose acetate membrane (Schleicher & 
Schuell, 0.2 pm pore size) using a BRL dot blot filtmtion uniL Fitters were washed 



W099/MS45 

27 

With water, and the SDS-insdublB aggregates retained on the filler detected by 
incubation with the antmDI antibody, fonowed by an anti^abbit secondary antibody 
conjugated to allcaline phosphatase (eoehringer Mannheim). Fig. 3c shouvs 
Immunoblots of ceUulose acetate and nitrocellulose membranes to which Ihb nattve 
GST-HD20. -HD30 and -HD51 proteins and their factor Xa and typsln cleavage 
products have been applied. On the cellulose acetate filter, only the cleavage 
products of GST-HD51 were detected by the antmoi anHbody. Indlcaling «» 
fbm»tion of insoluble high molecular weight prel»ln aggregates. In contrast, all the 
undeaved QST-kVO lusion proteins and their digestion producto were delected on the 
nitrocaiyose control After. This assay was also used to detect huntingtin aggregates 
present in a nuclear fraction from the brain of an .R6« hemlrygbus mouse and 
litlermate control (see preparation of nudei below). 

Example 3: 

Huntingtin proteins containing expanded polyfllns in the pathological range 
aggregate to amyiold'lllce birefringent fibrils 

aectron microscopy of negatively stained GST-HD51 fractions showed 
digomeric particles with diameters of 6 to 7 nm <Fig. 4a): no higher ordered 
aggregates were observed. For electron microscopic observaton. the native or 
protoaseKllgested GST-HD fusion proteins were adiusted to a final .conoentrallon of 
50 ng/ml in 40 ml«l Tris^CI (pH B.0). 150 mM NaCI. 0.1 mM EOTA ami 5% glycerol. 
Samples were negathrely stained with 1% urenyl acetate and viewed in a Phljps 
CM100 EM. In contrast, protein fractions obtained by proteolytic cleavage of GST- 
HD51 showed numerous clusters of high motecular weight fibrils and nbboomke 
sbudures (Fig. 4b, c. d and e). reminiscent of purified amyloids (Pnislner et al.. 
1983) The fibrils obtained afler digestion with f&ctor Xa showed b diameter of 10-12 
nm and their length varied from 100 nm up to several micrometere (Fig. 4b and c). In 
the tiypsiri^reated samples rlbbon^lke structures fbrnied by lateral aggregation of 
fibrils with a diameter of 7.7 nm were observed (Fig. 4d and e). After treatment v>rtth 
tedor Xa or limited digestion with trypsin, dots of sntall particles were frequently 
detected on one or both ends of the fibrils (Fig. 4b. c and d). These dots of varying 
sizes and shapes were not seen when GST-HD51 was digested with trypsin under 
conditions in whidi the GST-tag is totally degraded (Fig. 4e). indicating that they 
contain GST. In strong contrast to GST-HD51. the GST.HD20 and -HD30 proteins 
did not show any tendency to form ordered high molecular weight stractures. either 
with or v^out protease treatment (Fig. 4f). 
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The insoluble protein aggregates formed by proteolytic deavage of GST-HD51 
were tsotated by centrifugation and stained with Congo red (Caputo at ai., 1902) and 
examined under a light nticroscope. For light microsoopy, peptide aggregates fonned 
by trypsin digestion of purified 6ST-H0 tusion proteins (50 pg in 100 |il of digestion 
buffer) were collected by centrifugation at 30.000 g Ibr 1 h and resuspended in 10 pi 
of water Samples were mixed wHh 0.1 volume of a 2% (w/V) aqueous Congo Red 
(Sigma) solution, placed on aminoallcyisilane-coated glass dides. arid allowed to dry 
overnight under a coverslip. After removing the coverslip, excess Congo Red was 
removed by washing with 90% ethanol. Evaluation of the Congo Red staining by 
polarization microscopy was performed using a Zeiss Axiolab Pol microscope 
equipped with strain-free lenses and optimally aligned Cfossi}0larizen5. After 
staining, the protein aggregates on the glass slides wens red. indicating ttrnt they had 
bound the dye (Fig. 5a), and when examined under polarized light a green color and 
birefringence were detected (Fig. 5b and c). These staining characteristics were 
simitar to those observed for prions (Pnisiner et al- 1983) and amyloids (Caputo et 
at., 1992). 

Example 4: 

Huntingtln proteins containing expanded polyglns form amylold'lllce protein 
agsrogatae In vhfo 

To determine whether the amyioid-iilce protein aggregetes fbmied by proteolytic 
cleavage of GST-H051 in vitro are also present In wo, nuclear pnstsin fractions of 
brain and Icidney were prepared from mice transgenic for the HD mutation (line 
Ra/2) and littennate controls (Davies et aL, 1997; Mangiarini et al. 1996). Nuclei 
from the brain or kidney of an R6/2 hamizygous mouse witti a repeat expansion of 
(CAG)i43 (Mengiarim et al.. 1996) at ten weeks of age end littennate control were 
prepaned as foiknvs. Whole brain samples (60 mg) in 400 ml of 0.25 M sucrose in 
buffer A (50 mM triethandamine (pH 7.5], 25 mM Ka, 5 mM MgCta* ^ 
0.5 mM PMSF) were homogenized using 15 strokes of a tight-fitting glass 
homogenizer. The homogenate was adjusted to a final concentration of 5 mM DTT, 
and centrifiiged at 800 g for 15 min. The supernatant was recentrtfuged at 100,000 g 
for 1 h, and the supematant from ttiis centrifugation was taken as the cytosolk: 
fraction (fraction C). The k>ose pellet from ttie first centrifugation was homogenized, 
diluted to 1.2 ml wltii 0.25 M sucrose/buffer A« and mixed with two volumes of 2.3 M 
sucrose/buffer A. The mbdure was then layered on top of 0.6 ml 2.3 M 
sucrose/bufferA in a SW60 tube and centrifuged at 124,000 g for 1 h. The pellet was 
harvested with a spatula, resuspended in 200 pi of 0.25 M sucrose/buffar A and 
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again centrifuged at BOO g for 15 min. The errtire procedure camed «ll 4 C_ 
T?e pelleted nudel were resuspended to a der^stty of - 1 x 107 nudeijnl In 0^5 
sucro^uffer A (frBCtion N) ar,d stored at -60 'C. NuCel from ^^^^ 
prepared In the same way. The prT,tein extracts were analyzad by SD&|PAGEapJ 
western trotting .sir^ «.e an«41D1 ar,«tKKly t^^' ^^^/^^l^^ 
detected a prominent high molecular weight barKl in the ""^^^^^ <'^iP"?"^ 
fh,m R6/2 transgenic brain, very similar to the high molecular wetgW band obtained 
by pioteolytio deavage of GST-HD61 (Fig. 3b). No such '""""""[f ^^""^ 
detected in the nudear fradion of brain from the Ittterinate oontKj^ and it was atoo 
absent from the conesponding cytoplasmic fradions (C). A «na«, amount o^ Wgh 
molecular weight matartal was also detected In the nudear ^ ^^^ ^ 
R6« transgenic kidney, but was again absent fmm the «f ^ 
purity of the nudear and cytoplasmic ftadions was conllmied ^yJ^J'^J^ 
analysis using the antl^^os B and antl-GAPDH antibodies. Antl^os B deteded the 
t«ns«iptlon fador mainly In the nudear ftadlon. and the enzyme GAPDH was only 
seen in the cytoplasmic liadion. as expeded. The Western Wot results were 
repmduced udilg the cellulose acetate fitter assay (Fig. 6b). Using "ssay « 10- 
20 (bid higher amount of transgene protein was detected In the nudear fradion 
isdated from bialn material, compared to that prepared from kidney. 

The fomiatton of Nils has t^n shown to preceed the neuronal dysfundton tt^ 
iomrs the basis of the progressive neurotogical phenotype obseryed In the TO 
transgente lines (Davles et al.: 1997). These Nils are Immunoieacttjre for boft 
huntingtin and ubk,uitin antibodies and contain the transgene W not tt» 
endogenous huntingtin protein.. Tl?«elb,e. Western bk,t analysb using an aj*. 
ubk,uwn antibody was also perfomied showing the same P^f^^^T^Tf^ 
as had been obsen«d with the .anli4<D1 antibody (Fig. 6a). and indteaUng tt^at tt« 
wgh molecular weight transgene protein present in the nudear fmdwn is 
ubkpiHinatBd (data not shown). . 

To examine whether the Nils containing the proteins huntingtin and ubk,ultln 
(Davies et al.. 1997) have a fibrous compositton. an ultrastructural ^^^ ^ 
perfomied. Experimentally, e 17 monlh old R6/5 »^°'™'^°"^'~"«lf^^^J'^ 
155) (Manglarini et al.. 1996) was deepfy anaesthetised with 
IS then perfused through the left cardiac ventride with 35-50 ^ of 4% 
plbm«ldehyde and either 0.5 % gluteraWehyde In ''^^^^^ 
Suffer (pH 7.4). The brain was romoved from the skull and P'«<^^J^^ 
overnight at 4 'C. Coronal sedions (SO - 200 pm) wero cut on an Oxford VIbmtome 
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(Lancer) and collected in serial order in 0.1 M phosphate buffer. After being 
osmlcated (30 mln in 1% OS64 in 0.1 M phosphate buffer) the sections were stained 
for 15 mln in 0.1 % uranyl acetate in sodium acetete buffer at 4 'C. dehydrated In 
ethanois. deared in propylene oxide and embedded in Araldite between two sheets 
of Melanex (ICI). Semi thin (1 pm) sections were cut with glass knhres and stained 
with toluidine blue adjacent to thin sections cut with a diamond knife on a Relchert 
Ultracut ultramicrotome. The sections were collected on mesh grids coated with a 
thin fonnvar film, counterstained with lead citrate and viewed In a Jeol 1010 elebbon 
miciDscope. An election micrograph of a Nil from a 17 month old R6/5 homozygous 
mouse is shown in Fig. 6c. This Nil (large anw) contains high molecular weight 
fibrous stnjcturBS which were dearty differentiated from the sunwindlng chromatin. 
The lilamenis were randomly oriented. 5-10 nm In diameter and often measured up 
to 250 nm in length (small am>ws). These strudures dWer from those previously 
reported In the Nils seen in hemlrygous R6/2 mice whldi were far more granular m 
composition. wHh Individual filamentous stmdures being more dlfUcultto distlngulah 
(Davies et al., 1997). R6C mice exhibit an eariler age of onset wHh a more rapid 
progression of the phenotype and do not survive beyond 13 vtreeks (Manglarinl etal.. 
1996). It Is possible that the filamentous stmctures do not have time to forni In the 
R6/2 mice. 



^_ 5: 

Construction of further plasmlds. purification of corrosponding GST fusion 
proteins and proleolyUe cleavage of GST fusion proteins 

In a second set of experiments, a further number of plasmlds was constmcted. Standanl 
protoods for DNA manipulations were fdlowad (J. Sambroolc E.F. Fritsch. and T. 
Manialis. Mdeoular Cloning: A Uboratory Manual. 2nd Ed.. CpW Spring Hartwr 
Laboratory Press. Plalnview. NY. 1989). IT-15 d)NA sequences (HDCR6. Cel 72. 971 
(1993)) encoding the N^enninal portion of huntingtin. induding the CAG repeate, were 
ampllfled by PGR using the ollgonudeotldes ES25 (5 -TGGQATCCGCAT06CQ 
ACCCTGGAAAAGCTGATGAAGG^) and ES27 (3*^CCTCGAGCGGCGG 
TGGCGGCTGTTGCTGCTQCTGCTG-5') as primers and the plasmlds pCAG20 and 
pCAGSI as template (E. Scheizlnger. R. Lurr. M. Tmmalne. L. Marglarinl. B. 
Hdlenba*. R. Hasenbank. G. P. Bates. S. W. Davies. H. Lehradi, and E. E. Wanker. 
Csf 90, 549 (1997)). Condfttons for PGR were as described (L Manglartnl. K. 
Sathaslvam. M. Seller. B. Gozens. A. Harper, G. Hetherington. M. l-awlon, Y. TrotBer. H. 
Lehradi. S.W. Davies. and G.P. Bates. Ceff 87. 493 (1996)). The resulting dJNA 
fragments were get purified, digested with Bam HI and Xfto I and were Inserted Into the 
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Bam HI-X/,0 1 site of the expression vector pGEX-5X-1 (Pharmacia). yteWlno pCAG20DP 
and PCAG51DP. respectively. The plasmids pCAG20DP-Bio and ^^^'^f^J^ 
generated by subdoning the PCR fragments obtained from the plasmids pCA620 and 
PCA651 into pGEX-SX-l-Blo. pGEX-SX-l-Blo was abated by ligahon of Ihe 
oligonucleotides BI01 (S'^GCTCGAGGGTATCTTCGAGGCCC 
AGAA6ATCGAGTGGCGATCACCATGAG-3) and BI02 (S-GGCCGCTCATGOTG 
ATCGCCACTCGATCTTCTGGGCCTCQAAGATACCCTCGAG^I. after annealing and 
digestion with Xho I. Into the Xfto l-Atof I site of pGEX^-1. The plasmids wHhttie flW5 
cDNA inserts were sequenced to oonHm. that no em)C8 had been ^'^ 
The constniction of plasmids pTLi-CAG20. pTL1-CAG51 and P^^^J^ ^ 
expression of huntingtln axon 1 proteins containing 20. 51 and 93 glutamlne. b. 
Z^allan ceUs has been descnbed (A. Simer. S. water NL ^^-^^^^ 
Hasenbank. E. Scherzlnger. G. P. Bates. H. Lehmch. and E. E. Wanker. Mol. Cat . 
submitted). 

The amino add sequence of the GST-HD fuston proteins 
expression plasmkls pCAG20DP. pCAQSIDP. pCAG20DP*lo and pCAQSIDP^ta 
shown in F.g. 8. The plasmids pCAG20DP and pCAGSIDP encode fuston P^telns 
glutathione &4ransferase (GST) and the N4emr,inal portton of huntingtln containing 20 
(6ST4<D200P) and 51 (^D51DP) pdlyglutanrJnes. respectively, in these 
p«,yne^d. mglon located Immediately downstmam of the glutamlne repeat vrasdaletel 
(E Scherzinger. R. Lurz, M. Trumaine. L Margiarinl. B. HoHenbadi. R. Hasenbank. G. P. 
Bates. S. W. Davies. H. Lehrach. and E. E. Wanker. Ceff 90. 549 (1997)). TImi I«*k, 
proteins GST-HD20OPBIO and +ID51DPBto are kJentfcal to 6ST4ID20DP and - 
HD51DP. except for the presence of a,blotinyla«on site (P. J. Sdialz, flfotedinofegjf 11. 
1 138 (1993)) at their C4emfilnl. 

in the experiments described herein. B. coU DHIOB (BRL) was used for ptesirtd 
construction and E. cofl SCSI (Stratagene) was used for the expression of G5T44D 
fusion proteins. Trenstbmwtton of E. cofl «ith plasmids and ligation mixtures »«» 
per1bm«d by dedroporalion using a BkvRad Gene Pulser i^f^'^^ 
Trensfom^ed cells were spread on LB plates supplemented with appropriate antlbloBca 
(J. Sambrook, E.F. Fritsdi. and T. Manlatls. Molecular Ctoning: A l^tory Mam«l. 
2nd Ed.. CoW Spring Harbor Laboratory Press. Plalmrtew. NY. 1989). For expression of 
GST liiston proteins. ceUs were grown in liquid TY medium (5 g NaCI. 5 g yeast extract 
and 10 g tryptone per liter) buffered with 20 mM MOPS/KOH (pH 7.9) and supplemented 
with glucose (om thiamine (20 ^g/ml). ampldUin (100 ug/ml) and kanaroydn (26 
MO/ml). 



W099/M54S 



32 



PCr/EP9aNM811 



The procedure for purlflcaaon of GST lUslon proteins is an adaption of the protocol of 
Smith and Johnson (D, B. Smith and K. S. Johnson. Gene 67. 31 (1988)). Unless 
indicated otherwise, all steps were performed at 04*C. 

Hret. 100 ml TY medium were inoculated with a single colony containing the expression 
plasmid of interest, and the culture was incubated at 37*C overnight with shaWng. Then. 
1.5 liter TY medium were inoculated with the overnight culture and grown at src until an 
OD600 of 0.6 was reached. IPTG was added to a final concentration of 1 mU. and the 
culture continued to grow at 3rc for 3.5 h with vigorous shaJdng. The culture was chiliad 
on ice. and the cells haivested by centiifugation at 4000 x g for 20 min. 

Cells were washed with buffer A [50 mM sodium phosphate (pH 8). 150 mM NaO, and 1 
mM EDTAl. If neocessary. the cell pellet was stored at -70*C. Cells were resuspended in • 
25 ml buffer A. PMSF and lysozyme (Boehrlnger Mannheim) were added to 1 mAI and 
OJS mg/ml. respectively, and incubated on Ice for 45 mIn. Cells were lyaed by aoniealion 
(2 X 45 s. 1 mIn coding. 200^ Watt), and Triton X-100 was added to a final 
conoentration of 0.1% (v/v). The lysate vios cehtrifuged at 30.000 x o far 30 mIn. and Ihe 
supernatant was oollacled. 

5 im of a 1:1 eluny of GST-egarose (Sigma), previously equilibrated in buffer A. was 
added and the mbeture was stiired for 30 min. The slurry was poured Into a 1.6 cm 
diameter column, washed once with 40 ml buffer A containing 1 mM PMSF and 0.1 % 
Triton X-100 end twice with 40 ml buffer A containing 1 mM PMSF. The protein was 
eluted with 5 X 2 ml buffer A containing 15 mM reduced glutathione (Sigma). ABquotsof 
the fractions were analyzed by SDS4»AGE and the fractions containlnfl purified GST 
fusion protein were combined. Finally, the pooled fractions were dialysed overnight 
against buffer B [20 mM Trte/HCI (pH 8). 150 mM NaO. 0.1 mM EDTA and 5 % (v/v) 
glycerail, allquotted. freezed m Uquld nitrogen and stored at -70*C. 

Typical yields were 10 - 20 mg for G5T-HD20DP and -HDSIDP and 5-10 mg for GST- 
Hb20DPBio and -HDSIDPBIo per Iter of bacterial culture. Protein concenlratlon was 
detennlned using the Coomassle protein assay reagent from Placce with BSA as a 
standard. 

The GSr-huntlngtin lUslon proteins (2 mg) were digested with bovin6 factor Xa (New 
England Bldabs) or with modMled trypsin (Boehrtngar Mannheim, sequencing grade) at 
an eniyme^substrate ratio of 1:10 (w/w) and 1^0 (wA*). respecflvely. The reacHon was 
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carried out in 20 nl of 20 mM Tris/HCI (pH 8). 150 mM NaQ and 2 mM 0802. 
Incubations with factor Xa were perfooned at 25'C for 16 h. Tryptic digestions were at 
37'C for 3 to 16 h. Digestions were tenninated by the addition of 20 jil 4% (w/v) SDS and 
100 miW DTT, followed by heating at 98'C for 5 min. 

As shown in the previous examples, removal of the GST tag from the HD axon I protein 
containing 51 glutamlnes (GST-HD51) by sHe-specHic protaolyfic cleavage results In ttie 
fbmiatton of high molecular weight protein aggregates, seen as characterfsUe fibrils or 
filaments on electron miooacopic examination. Such ordered fibrillar stniclures were not 
detected after proteolysis of fusion proteins containing only 20 (GST-«D20) or 30 (GST- 
HD30) glutamlnes. although light scattering measurements (Y . GeorBalls, EB. Staritov. 
B. Hdlenbach. FL Lure, E. Seheizlnger. W. Saenger. H. Lehra*. and.E.E. Wanker, rtoc. 
Natl. Acad. Sd. USA 95. 6118 (1998)) revealed that some forni of aggregation also 
occured with these normal repeat-length proteins. In the present example, tnjncatod 
6ST-H0 exon 1 lUslon proteins with or without a C-tennlnal blotlnylatlon tag (P. J. 
Schatz. Bfofechiwtogy 11. 1138 (1993) were used. These fusion proteins contain either 
20 or 51 glutamlnes but lack most of the proline rich region located downstream of the 
glutamino repeat (E. Scherzinoer. R. Ijurz. M. Tnjmaine, L. Marglarinl. B. Hdlenbach. R. 
Hasenbantc G. P. Bates. S. W. Davies. H. Lehrach. and E. E. Wanker. Cet 90. 549 
(1997)). Potential factor Xa and trypsin deavage sites within the GST-HD fusion proteins 
are shown in Rg. 8. As outlined above, the protdns GST-HD20DP and -HOSIDP ware 
expressed in E. coli and affinity-purified under native eondWons. They were then digested 
ovemlght with trypsin or faxtor Xa protease to promote the fbmwHon of pdyghitainlne- 
oontalning huntingtin aggregates. Fig. 9A shows an ImmunoWot of a peltutosa aoalala 
membrane to wWdi the nallve GST-HDMDP and 4iD51DP proteins and their factor Xa 
and trypsin deavage produds have been applied. 

To monitor the In vitro fomiation of polyglutaminoKX>ntaining aggregates without the need 
far a spedflc antlbady. a modified mtar retardation assay was deveteped. In this assay, 
streptavldm-conjugated alkaline phosphatase (AP) is used to dated the Insolgble protein 
aogregates retained on the cdlulose aoatote filter membrane. Siraptavldin binds 
spedRcally to the btodnylatlon tag (P. J. Sdiatz. Biotechnology 11. 1138 (1993)) that has 
been added 04ennindl to the polyglutamlne trad m the fusion proteins GST-HD20DPBto 
and -HDSIDPBio (Fig. 7) (see Example 8 for details). Fig. 10A shows that the modified 
aggregation assay gives results comparable to those obtained v«th the non^JlotinylatBd 
fusion proteins In that insduble aggregates are produced from the trypsin-treated GST- 
HDSIOPBto pix>tBln but not from the undeaved GST-HD51DPBio protein or the 
conesponding 20 repeat samples. Using diher fluorescent (AttoPhos™) or 
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ehemiluminescent (CDP-Sto™) substrates for alkaline phosphatase. It Is possible to 
capture and quantny the filter assay results with the Boehringer bimi-tmaoer F1 system. 
With both AP sutMStrates. aggregates formed from as Uttie as 5-10 ng of input QST- 
HD51DPBio protein were readily detected on the cellulose acetate membrane, and signal 
intensities Increased UneaHy up to 250 ng of fusion protein appOed to the filter (Fig. 10B). 

Example 6: /»«e4^i 
Isolation of amyioid^«<e protein aflgregates from transfected COS-1 cells 

To examine whether polygluiaminexwntaining eggregates are also fbrmad *i vfw. 
HD axon 1 pmtdns with 20. 51 or 93 glutamines (without a GST tag) were expressed in 
COS-1 cons. Whole cell lysates were prepared, and after centrlfugatton. the iru»iuble 
materiat was collected and treated with DNasel and trypsin to tower the visooslty. The 
resulting protein mixture was then boiled in SDS and analyzed using the doM** fitter 
retanjation assay (see Example 8). in more detail, the fbliowing experimentel protocol 
was carried out 

COS-1 cells were grown in Dulbecco's modified Eagle medium (Glt»co BRL) 
supplemented wilh 5% (wAr) fetal calf serum (PCS) containing penldllln (5 U/ml) and 
streptomycin (5 vg/nOi. and transfectlon was perfonned as described (A. SitBer. D. 
Davys. C. Weber, arid J.-L. Mendel. Hum. Mai. Genet 5. 95 (1996)). 

COS-1 ceils transfected with the mammalian expression plasmlds pTL1-CAG20. pTLI- 
CAG51 and pTL1-CA693 were harVested 48 h after transfecfion. The cells were washed 
in ice cokJ PBS. scraped and pelleted by centrihigatlon (2000 x g, 10 min, 4*C). Cells 
were lysed on ice for 30 min in 500 ml lysis buffer [50 mM Tris/HCI (rH 8.8). 100 mM 
Naa. 5 mM MgCl2. 0.5% (w/v) NP-40. 1 mM EDTA] containing the protease InHbHors 
PMSF (2 mM). ieupeptin (10 nl/ml). pepstatin (10 pg/ml). aprotinin (1 pgAiri) and andpaln 
(50 pg/ml). Insoluble material was removed by oentrifiigation for 5 min at 14000 ipm in a 
microfuge at 4'C. Peilets containing the Insoluble material were lesuspended In 100 mi 
DNase buffer [20 mM Tris/HCI (pH 8.0). 15 mM MgCld. and DNase I (Boehringer 
Mannheim) was added to a final oonoentoation of 0.5 mg/ml foOowed by incubaHon at 
arc for 1 h. After DNase treatment the prolein concentration was datamtilned by the Dol 
Metric assay (Geno Tedmology) using BSA as a standard. Eight pl l M TMsWa (pH 
84) 1 pi 1% (wM SDS. 1 pi 0.2 M Caa2 and 10 pi trypsin (0.26 mgAnl) ware ttien 
addixJ. and the mixture was Incubated for an additional 4 h at STC. Digestions were 
terminated by adjusting the mixtures to 20 mM EDTA. 2% (wA.) SDS and 50 mM DTT. 
followed by heating et 98*C for 5 min. 
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Fig. 9C shows that insolutjJe protein aggregates are tieing formed in transfected COS 
cells expressing the HD exon 1 protein with 51 and 93 glutamlnes but not in COS ceBs 
©(pressing the nomiat exon 1 allele with 20 glutamlnes or in the norvtransfected oonW 
oelis. Thus, as ot>seived In vitm with purlfiad GST fusion proteins, fonralion of high 
molecular weight protein aggregates in vivo occurs in a repeat length-dependent way and 
requires a pdyglutamine repeat In the pathological range. In addlUon, like the in WbD 
aggregates, the HD exon 1 aggregates fbmwd h vivo an resistant to digestion wUh 
trypsin as well as to tMiUng In 2% (wAr) SD8. 

Example 7: 

Isolation of amyloid^ike protein agowflatesftom AWieimer s dieease biain 

It has been shown that the neurodegenerative disorder Alzheimer's disease (AD) is 
caused by the the formation of p-amyloids and neurofibrillar tangles (NFTs) mainly 
oocuring In the neocortex. Wppocampus and amygdala (K. Beyreuther, and C.U Masters. 
NabOB 383. 476 (1996)). To dotemiine whether these strudures can be detected by the 
dot-blot filter retardation assay brain extracts of patients and controls were prepared and 
analyzed using the anti-Tau, mVt-fi^airvMd and anti-HDI antftjodies. 

Flo- 12 shows lhat with the anti-Tau and antl-p-amytold antibodies NFTs and p-amyloids 
were detected In brain extracts prepared from paUentS A2 and A3, but not In brain 
extracts prepared from patient A1 and the controls. Olnicai studies revealed Ihst the 
patients A2 and A3 had Aizheimei^ disease with en Intennedlate and severe IntaHsGtual 
impairment, respectively, vwhereas paBent A1 suffsred only finom modeiate int e H e ctu o l 
invairment TWs Indlcalas that the lesute' obtained with the fUter retardation assay 
conelate with ttie severity of the disease. Using the HD1 antibody in the brain SKlrK«s 
prepared fnm AD palienta and oontrela no aggregated huntingtin protein viras dalsciad. 
However, the antibody i»acted with the QST-HD51 protein wWeh was used as a positive 
control. 

Human ceiebral cortex (- 500 mg) was homogenized in Z5 mi of lysis buffer (0.32 M 
sucrose. 1 mM MgCl2. 5 mM KH2PO4. pH 7.0. 1 mM PMSF) using nine strokes of a 
glasshomogenizer.ThehoniogenatwascentrifugedfbrlSmlnat 500 x g to remove the 
nudei. The original supernatant was then centrifuged at 93500 x g for 1 h yieWIng a 
membrane pellet. The pellet was dissolved in 2 - 5 ml 100 mM Tris44a (pH 8). 05% 
SDS and trypsin {Boehringer l^annheim, sequencing grade) was added to a final 
conoentatkm of 0-05 mg/ml followed by Incubatton at 3rC overnight Digestions were 
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terminated by acQuirting the mixtures to 2% SDS and 50 mM DTT. foBowed by heating at 
flB'Clbr 5 mm. The mixture was cenWMged for 1 h at 110000 x g and the resuttir>g peUet 
was resuspended In 100 |il of watdr. Aliquots (2-10 pi) were then used for the analysis 
with the dot-blot filter retardation assay. 



Example 8: 

OotoblotfUlerretardafion assay 

The ntar assay used to detect polyglutamine-contalnlng hunUngtln protein aggregates 
tias been desertbed (hereinabove and in E. Scherzlnger. R. Lurz. M. Trumsine. I_ 
MarglarW. B. Hoilanbach. R. Hasenbank. G. P. Bates. S. W. Davles. H. l^ch, snd E. 
E. Wankar, Cell 90. 649 (1997)). Denatured and reduced protein samples were prepared 
es described above, and aliquobs corresponding to S(K-250 ng fusion protein (G8T- 
HD20DP and GST-HD51 DP) or 6-30 iig extract protein (poOet fraction) wore dHuled Into 
200 Ml 0.1% SDS and filtered on a BRL dot Wot filbalion unit through a oeBiriose acetate 
membrane (Schleicher and Schuell. 0 J5 pm pore size) that had been preeqtMibraled wRh 
0.1% SDS. RIters were washed 2 Hmos with 200 pi 0.1% SOS and were then blod»d in 
TBS (100 mM TrisMCI. pH 7.4. 150 mM Nad) containing 3% non« dried mUlc. foBowed 
by moAatlon with the antWIDI (1:1000) (see ebove and E. Scherzmger. R. Luz. M. 
Tramame. L Maiglarini. B. Holionbach, R. Hasenbank. G. P. Bales. S. W. Davles. H. 
Lahiach. and E. E. Wanker. Cefl 90. 649 (1997). the antl-Tau (Dako. 1:1000) or the entt- 
f^«nyfc]kl antibody (Oako, 1:300). The fillers were washed several times m TBS. then 
irwubalad wtth a secondary antl-rabbit or anB-mouse antibody conjugated to horse 
raddish peroxidase (Sigma, 1:5000) foltowed by ECL (Amersham) detedtoo. The 
developed btots were exposed for various times to Kodak X-OMAT film or to a Um*- 
Imager (Boehringer Mannheim) to enable quanttficetion of the Immunobkils. 
For detection and quantlfkatlon of pdyglutamlne-contalnlng aggregates generated ftom 
the protease^ted fuston proteins GST-HD20DPBk) aid -HD51DPB10. the 
btottn/streptavWIn-AP detecdon system was used. Folkiwing fittralion. the ceihitose 
acetate membranes were incubated with 1% (w/v) BSA m TBS for 1 h at room 
tenvereture vxlth gantki agltaUon on a reciprocal shaker. Membranes were then 
incubated for 30 min with streptawWI^alkallne phosphatase (PromeQa) «t a 1:1000 
dllutton In TBS containing 1% BSA. washed 3 limes in TBS oontalnino 0.1% (vAr) TWeen 
20 and 3 limes In TBS. and finally incubated fbr 3 min with either the fluorescent Mne 
phosphatase substrate AttoPhos™ or the chfcjro^bslltutad 1^Hlta»lai»e 
chemilumlnescenoe eubetrate COP-Stai^ (Boehringer Mannheim) In 100 mM Trlaft«l. 
pH 9-0. 100 mM NoCI and 1 mM MgO^ Fluorescent and chemlluminescent signals were 
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imaged and quantified with ttie Boehringer Lumi-lmager F1 system and LumlAnalyrt 
software (Boehringer Mannheim). 

Examples: 

MIerotltre plate flltar retardation assay 

To process a large numlw of proteolytic digestion reactions in parallel, a mIcrotitiB plate 
flKer retardation assay was developed, in this assay a 96^(well mlcrotltiB plate containing 
a cellulose acetate membrane with a pore size of 0.45 mm (Whatman Poly«1ronlcs) was 
used lor the retention of polyglutamine«jntainlng protein aggregates. 

The following enpeitmental protocol was employed: 

First. 15 Ml GST fusion protein SOlutton (200 jig/ml GST-HD51DPBio or GST-HD20DPBio 
in buffer P po mMTrisWCI (pH a.0), 150 mW Naai) and 15 (il trypsin solution (10 pgfni 
trypsin (Boehringer IWtannheim. sequencing grade) In buffer P) were combined in a 96- 
Wdl Thormo^ast«806 tube plate (Advanced Biotechnologies LTD) using a multi channBl 
pipette (Eppendorf). and the mlcrotltre plate was incubated for 16 hours at 3rc. Dwn 30 
III SDSrtJTTsolution (4% SDS. 100 mM DTT in buffer P) wore added to each well, the 
piate was sealed with a microtitre plate sealer (Blostpt LTD) and the plate was heated in 
a eO^Afoll MasterCydor (Eppendorf-Notheier-HInz) for 5 min at 08*C. 

The seaUng was removed and 50 |J 'of the reaction mbc were transferred Into each well of 
a new 96^ell microtttre plate oonttfnlno a 0.45 Mm cellulose aoatata membrane. pr». 
equilibrated with 0.1% (w/v) SDS. using a multi channel plpelte. For equmbration of the 
calulose acetate membrane, the microtlbe piate was placed into the QIAvac Manifbid^B 
(Qiagen) and 200 pl 0.1% SDS was pipetted into each well of the piate. Vacuum vras 
then appHad untU the SDS soiuHon had passed through the filter. Prior to addition of the 
pretam aokiUon. each wall of the filter plate was preloaded with an additional 200 pl of 
0.1% SDS. THe diluted protein sohiHon was then filtered through the membrane by 
applying vacuum. 

The fllterplate was washed with 2 x 200 pl 0.1% SDS and 2 x 200 ml TBS (100 mM 
TriaWa (pH 7.4). 150 mM NaO). Vacuum was used to remove wash soluilons from the 
membrane. 200 pl 0.2% (w/v) BSA In TBS were pipetted into each well of the fllterplate. 
and the piate was Incubated for 1 h at room temperature (RT) (bloddng). Blocking buffier 
was removed by pipetting. 
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Next. 200 til slreptavidin alkaline phosphatase (1:1000. Promega) In 0.2% i^) 
BSATTBS were added to each sample, and the flilerplate was Incubated Ibr 1 h at RT. 
StreptavJdIn AP buffer was removed by pipetUng. The filteiplate was washed with 3 x 200 
Ml TTBS [100 mWTrtsWa (pH 7.4). 150 mM NaO. 0.1% {vN) Tween 20J and 3 x 200 |il 
TBS. Vacuum was used to remove wash solutions. 

200 III detection buflsr (50 mM Tris^CI (pH 9.0). 500 mM NaCI. 1 mM Mg Qz) 
added to each sample. Incubated for 1 mm and vacuum was applied to remove the 
buffer: 200 pi Atlophos™ (10 mM AttoPhos™) in detection buffer were pipetted Into each 
well of the Ulteiplate. incubated for 1 h at RT. vacuum was applied to remove the buffer, 
and the fluorescence emission of each welt was measured with the CytoFluo«®4000 
(Perseptlve Blosystems) at 485+/-20 (excitation) and 530 +/-25 (emission). Rnally. the 
resultant Images were analysed with CytoFluor 4.1 software and MS Excel 7.0. 

As expected from the text set of experiments, using fusions of GST and the fulHength 
HD exon 1 protein, only the deavage products of 6ST-HD51DP were retained by the 
filter and were detected by the huntlngtin-specmc antibody HD1, Indicating the fomnatlon 
of high moleculer weight HD51DP aggregates from this fusion protein. Scanning electron 
microscopy of the material retained on the surfaoe of the membrane reveated bunches of 
long fibrils or filaments (Rg. 98), which were not detected after filtration of the undeavad 
GST-HD51DP preparation or the protease^realed 6ST41D20DP preparation. These 
results indicate that an elongaled polyglutamlne sequence but not the proHne rich region 
in the HD exon 1 protein is necessaiy for the fomiatlon of high molecular weight protein 
aggregates in vflro. 

Essentially, the same results as viMth the dot blot filter retardation assay vrere obtained 
when the fusion proteins GST-HD20DPBio and -HDSIDPBIo were analysed with the 
microtltre piate filter retardation assay, indicating that this assay can be used for the high 
throughput Isolation of chemical compounds from chemical libraries (Rg. 11 A and B). 
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CLAIMS 



1 . A oompositfon comprising 

(a) a nucleic acid molecule encoding a fusion protein comprising 

(aa) a (poly)peptidB that eniiances solub'tlity and/or prevents aggregation of 

said fusion piotain; and 

(ab) an amyloldogenic (poly)peptide that has the abOlty to self^ssemble Into 
amyloid-like fibrils or protein aggregates: 

(b) a vector containing the nucleic acid molecule of (ay, 

(c) a host transfonmed with the vector of (b): 

(d) a fusion protein encoded by the nudeic add of (a) or a functional 
derivative thereof: and/or 

(e) an antibody specific for the fusion protein of (d). 

2. The composition of daim 1 wherein the amyloldogenic (poly)peptlde comprises 
a poiyglutamine expansion. 

3. The oqmpositlon of dalm 2 wherein said poiyglutamine expansion comprises at 
least 35 glutamines. 

4. The composition of dalm 3 wherein said poiyglutamine expansion comprises at 
least 51 ghitantines. 

5. The composition of any one of daims 2 to 4 wherein said (poly)peptide defined 
in (ab) is huntingtin. androgen receptor, atropin, TATA binding protein, or 
ataxln-1 .-^ ,-3. -6 or -7 or a fragment or derivative thereof. 

6. -me composition of any one of daims 1 to 5 wherein said amyloldogenic 
(poly)peptide sdf^saembies subsequent to release from said fusion prolBln. 

7. The composition of daim 1 wherein said amyloldogenic (poly)peptide Is the 
emyioid precursor protein (APP). (H>rotein. an immunoglobulin light chain, 
senim amyloid A, transthyretin, cystatin C. (ttHniooglobulln. apolipoproteln M. 
gelsoline. Islet amyloid polypeptide OAPP). caldtonln. a prion, atrial nalriuiatic 
factor (ANF), lysoryme,. insulin, fibrinogen, tau proteins or o-synudein or a 
fragment or derivative thereof. 
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8. The composition of any one of dalms 1 to 7 wherein said (poly)peptlde defined 
in (aa) is glutathione S-*ransferase (GST), intein. thioredoxin. dihydiofblate 
reductase (DHFR) or chymotrypsin inhibitor 2 {CI2) or a functional firagment or 
derivative thereof. 

9. The composition of any one of claims 1 to B wherein said nudeic acid is DMA. 

10. The composition of any one of daim 1 to 9 wherein said vector is an expression 
vector or a gsne targeting vector. 

11. The composition of any one of daims 1 to 10 wherein said host is a bacterial, 
preferably an E.coli, an animal-, preferably a mammalian, an insect-, a plant-, a 
fungal, preferably a yeast- and most preferably a Saccharomyces or Aspergilus 
oeU, a FHcWa pastoris cell, a transgenic animal or a transgenic plant 

12. A method of produdng a fusion protein as defined in the composition of any of 
the preceding dalms comprising culturing or raising the host as defined In dalm 
1 1 and isolating said fusion protein. 

13. Tho composition of any one of dalms 1 to 12 wherein said antibody is a 
monodonai antibody, polydonal antibody, phage display antibody or a ftnagnnent 
or derivative thereof. 

14. An In vitro method of produdng amyloid aggregates comprising 

(a) at least partially deaving the fusion protein comprised in the composition 
of any one of dalms 1 to 13 wherein the (poly)peptlde that Is released has 
the abill^ to self-assemble into amytoid-like fibrils or protein aggregates; 
or 

(b) indudng self-assembly Into amyloid-like fibrils or protein aggregates by 
heating the fusion protein comprised in the composition of any one of 
dalms 1 to 13 or an amyloidogenic (poly)pepllde that has the abfflty to 
self-assemble Into amylold-fike fibrils or protein aggregates, by Inducing a 
pH change In a solution comprising said fusion protein/(poly)pep1lde or by 
treating said (iision protein/(poly)peptlde with a denaturing agent 

15. The method of daim 14 wherem said deavage is effected chemlcaRy or 
enzymatically, or by the intein self-deavage reaction in the presence of thiols. 
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16. A method of testing a prospective inhibHor of aggregate fbrmatioh of a fusion 
protein as defined in the compositton of any one of claims 1 to 13 when 
enzymatically or chemically deaved or a non-deaved fusion aniyloidoganic 
(poly)peptide as defined in any one of daims 1 to 13 or an amyloidogenic non- 
fusion (poly)peptide comprising 

(a) incubating in the presence of a prospective inhibitor 

(aa) said fusion protein In the presence or absence of a cleaving agent; or 

(ab) said non-fusion poly(peptide): and 

(b) assessing the fbmiation of amyloW-Blce fibrils or protein aggregates. 

1 7. The method of daim 1 6 wherein Incubation Is effected In the presence of factor 
Xa. trypsin, endoprotelnase Aig-C. endoproteinase Lys-C. protelnasa K or 
elastase at a temperature of preferably 25 to STC for 0,5 to 16 hours and the 
assessment of the formation of fibifls or aggregates In step (b) is preferably 
effected by a filter assay or by a Ihloflavlne T (ThT) fluorescence assay, in 
which the fluorescence intensity reflects the degree of aggregation. 

18. A method for identifying an Inhibitor of aggregate formation of a fusion protein 
as defined in any one of daims 2 to 6 prior to or after proteolytic or chemical 
cleavage or of a non-fusion amyloidogenic (poly)peptide that has the ability to 
self-assemble into amylold-iike fibrils or protein aggregates comprising 

(a) loading a surface or gel with said protein or an aggregate thereof; 

(b) incubating said surface or gel with a prospective InhbHor, and 

(c) assessing whether the presence of said prospective Inhibitor avoids or 
reduces aggregate formation or further aggjn^ate formation. 

19. The method of daim 18 wherein said surface is a membrane. 

20. An inhibHor Identifiable or IdentHled by the method of any one of daims 16 to 
19 or a derivative thereof. 

21- The Inhibitor of daim 20 which is an antibody, 4'.|odo-4'^Boxydoxombidn 
(IDOX), pyronine Y, guankJine hydrochloride, urea, rifampidn or a derivative 
thereof, myristyltrimethyiammonium bron^de. hydroquinone. p^jenzoquinone. 
1,4-dihydroxynaphthalene. p-methoxyphenol, a-tocopherol, asoort)ic add, p- 
carotene. anthracydine. doxorubldn, hexadecyl-N-methylpIperidlnlum. 
dodecyltrimethyl-ammonium. N-tebiadecyM4,N-dimethyM-ammonio-1- 
propanesulfbnate, a (poly)peptide. glutemine or an ollgoglufamlne peptide. 
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22. A pharmaceutical composition comprising the Inhibitor of dahn 20 or 21 and a 
phamiaceuticalty acceptable carrier and/or diluent 

23. A transgenic mammal or plant comprising a nucleic acid molecule or vector as 
descrit>ed in the composttton of daim 3 or 4. 
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